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Hormones from Swedish Sulfate Pulp
~ Chem, Eng. News 25(7): 454 (1947)

One of the by-products obtained in the manufacture of sulfate
pulp is the so-called phytosterol group which serves as a basic
ingredient for the manufacture of many remedial agents, including
hormones. The Swedish Pulp Company has recentlj begun manufacture
of phytosterol from Swedish pine, and its finished.product seems
capable in many cases of replacing cholesterol, at present difficult
to obtain from its usual source, the spinal cord of calves. Hethods
for extracting the phytosterol groups in a vure state and on a large
scale have been developed by the compény's chemigts and engineers
over a number of years. Outout is expected to cover the world's

needs for some time,
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Tall oil rosin output climbs 10% yearly

Abundant raw material
and low price account for
surge in activity

of sulfate naval stores

That least glamorous of chemical raw
materials—naval stores—calls for some
attention this year and next. That
part of it called sulfate naval stores (or
more accurately tall oil) will be get:
ting a lot more capacity. Three com-
panies are adding a total of 210,000
tons a year of tall oil fractionation
capacity to bring the inclustry’s total ta
more than 875,000 tons by June 1968.
The new capacity represents an expan-
sion of about 32%. »

The additional capacity is coming
from Hercules, Arizona Chemical, and
Crosby Chemicals. Hercules (biggest
U.S. company in naval stores in gen-
eral and tall oil in particular) fis
building a plant at Hattiesburg, Miss.
The 90,000 ton-a-year unit will be
completed at the end of this year. It
will be the company's fowrth tall oil
fractionation plant in the U.S.

Arizona Chemical (jointly owned by

American Cyanamid and International
Paper) is adding 40,000 tons capacity
to its existing 80,000 ton-a-year unit
at Panama City, Fla. Crosby Chemi-
cals is adding 30,000 tons to its 45,
000 ton-a-ycar plant at Picayune,
Miss., and is building a 50,000 ton-
a-year tall oil fractionation unit at
De Ridder, La. The De Ridder plant
will be completed by June 1968, the
Picayune expansion this fall.

Why all this tall oil fractionation
capacity? The answer lies in a com-
bination of raw material availability,
properties, and price.

Naval stores rosin consists primarily
of tricyelic monocarboxylic acids (mo-
lecular formula CagH,02). The main
acids in tall oil rosin are abietic, dehy-
droabietic, neoabietic, dihydroabietic,
palustric, pimaric, and isoprimaric
acids.

Originally naval stores were known
as the pitch and rosin recovered from
pine wood to caulk wooden ships and
tar their rigging. There are three dis-
tinct types of naval stores: gum,
steam-distilled wood, and sulfate naval
stores.

Gum naval stores (or oleoresin) are
obtained by tapping living pine trees.
The process entails removing a new
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strip of bark from each trec about
every two weeks, spraying the result-
ing wound with sulfuric acid to acti-
vate the flow of gum exudate, and col-
lecting the gum in cups attached to
the trees, The gum is sent to process-
ing plants where turpentine from the
gum is removed by steamn distillation,
and gam rosin obtained as residue.

Waood naval stores involves produc-
ing rosin from virgin stumps, primarily
of longleaf pine. When stumps of
such trees are left in the ground for
not less than 25 years after the tree is
cut, the stumps are rich in rosin.
They are removed with earth-moving
equipment and trucked or shipped by
rail to plants where they are cleaned,
shredded, and extracted with solvent.
The extract is distilled to produce
wood rosin, pine oil, and wood tur-
pentine.

The third type of naval stores is sul-
fate naval stores or tall oil. Crude tall
oil is a by-product of kraft pulp mills
removed in the form of soap skim-

fectants, intermediate chemicals, fluta.
tion, and tallate driers. Indeed, s,
successful is the market for tall o
fatty acids that inventory last vear
averaged 15 million pounds (about
4.5% of production), one of the low.
est in any industry, according to Doug.
las E. Campbell, secretary, tall oil
products division, Pulp Chemicals As.
sociation.

What makes tall oil rosin particu.
larly attractive as a raw material is jts
availability. The gum rosin industry,
on the other hand, scars trunks of liv.
ing pine and involves manual tasks
that are costly and time-consuming,
And the wood rosin industry depends
on the availability of aged tree stumps
whose removal and transportation are
becoming increasingly costly.  But
crude tall oil is a “waste” product of
pulp making. In fact, if the black lig.
uor skimmings did not yield some use.
ful products, they could be a disposd
problem for pulp mills.

The growth of new capacity i

Tall oil rosin output will equal that of wood rosin by 1971
B Tall oil rosin E Gum rosin 3 Wood rosin
520—pound drums :
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Source: U.S. Department of Agriculture *Estimates

mings (called black liquor skimmings)
which are acidificd to tall oil rosin and
fatty acids.

The fatty acids portion (1 ton of
crude tall oil vields about 500 pounds
of fatty acids, 800 pounds of rosin
acids, and 700 pounds of secondary
products comprising distilled tall oil,
tall oil heads, and tall oil pitch) totaled
about 337 million pounds in 1966.
These acids find a ready market
in many applications such as protec-
tive coatings, soaps, detergents, disin-

kraft pulp mills has made available -
large quantity of crude tall oil. Fv
ture growth of the paper industn-
about 5% a year—will provide incree;
ing supplies of raw material for "«
oil fractionators. The latter are &*
continuously improving their meﬂ‘f o |
of separating rosin (and {atty ac¥
from other constituents of tall ol
provide better quality products *§
lower cost, '

Although total U.S. rosin pf(’d" ‘
tion has been changing only slight! * §
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the past few years, the relative shares
of each type of rosin have been chang-
ing significantly. In the 1966-67 crop
year, for example, the supply of rosin
was comprised of wood, 51.4%; tall
oll, 34,765; and gum, 13.9%. In 1961,
the shares were wood, 53.9%; tall oil,
23.0%; and gum, 23.1%. In these five
years, the shares of both steam-dis-
tilled wood and gum rosin have de-
cined in the face of the contlinuing
growth of output of tall oil rosin.

Notwithstanding support from the
Forest Service’s naval stores conserva-
tion program, the gum naval stores in-
dustry (80% of which is concentrated
in Georgria) has suffered a very sharp
ecline.

For steam-distilled wood, the de-
cining supply of virgin pine stumps
ad increasing costs of cvllecting the
Stumps are basic factors accounting
for the decline in wood rosin output.
The U.S. Department of Agriculture
tstimates that, as both gum and wood
osin output falls, by 1971 tall wil
msin output will be moving close to
0. of all resin output in the U.S.
uthermore, output of tall oil rosin by
ther will be nearly 100%% more than it
Yas in 1961—a substantial growth for
+ 10.year period.

The end-use pattern for rosins is also
Hanaing as tall oil rosin makes inroads
“to rosin consuming industries.  Pa-
¥r size accounts for the largest single
We of all rosin, about 38%. Gum
Yosin was initially used for paper size

FRACTIONATING COLUMN. At Panama
City, Fla., Arizona Chemical is adding
40,000 tons a year of tall oil capacity
to meet the demand for rosin

since it was the only one suitable.
When wood rosin became suitable as
a result of research, it began to replace
gum and eventually became the most
important rosin for paper size. But
tall oil has outpaced both gum and
wood rosin to pick up some 60% of the
total rosin used in size manufacture.
Wood rosin's share is 30% and gum’s
10%. .

Synthetie rubber is the second most
important outlet for rosin and con-
sumes about 137% of all rosin output.
In making styrene-butadiene rubber,
disproportionated rosin soaps, fatty
acid soaps, and combinations of both
are used as emulsifiers in polymeriza-
tion. In 1963, Arizona Chemical came
up with the first commercial tall oil
disproportionated rosin soaps to chal
lenge wood rosiu as the only source of
rosin for disproportionation.  (Dis-
proportionation decreases. the num-
ber of double bonds in the abictic
acid in tall oil rosin and makes for a
more stable material.) Today, pro-
ducers of SBR are getting lower cost
emulsifier reagents mainly because of
the successful disproportionation of
tall oil rosin.

Actually, expansion of the use of
dispropartionated tall oil rosin in the
elastomer industry could be affected
by changing technology. - One such
change is that newer elastomer types,
such as polybutadiene, polyisoprene,
and the ethylene-propylene diene
monomers are made by solvent poly-
merization and do not require emulsi-
fiers. Yet, the tall oil industry feels
confident. As Hercules vice president
Don ShefBeld points out, there should
be a growing need in the rubber indus-
try for tall oil derivatives (including
the fatty acids) for rubber compound-
ing and other rubber formulations.

The adhesives industry is the third
most important market for rosin.
Large quantities of rosins, modified
rosins, and rosin derivatives are used
to make various types of adhesives.
In the most recent crop year, probably
more than 90 million pounds of rosin
were used in adhesives. By 1970,
rosin demand for use in adhesives
mav be near 133 million pounds.

The most important adhesive appli-
cations for rosins include the pressure-
sensitive, the hot melt, and the elasto-
mer-based latex and solvent rubber ce-
ments.  According to Joe Garbarino,
manager, commercial development, of
Arizona Cheniical, these adhesive
markets are experiencing excellent
growth which will continue.

In pressure-sensitive  adhesives,
rosin derivatives are successfully com-
peting with a host of other resins in-
cluding polyterpenes and petroleum
and coal tar hydrocarbon resins. Mr.
Garbarino says that the development
of new derivatives of tall oil rosin
products will assure greater partici-
pation of tall oil in these markets.

The hot melt products offer consid-
erable promise for further growth in
tall oil rosin per se, and at the expense
of gum and wood rosins in both hot-
melt coatings and adhesives. Her-
cules’ Don Sheflield agrees with this
prediction of Mr. Garbarino’s. Hot
melts are those based on combinations
of low-molecular-weight waxes, such
as paraffin wax, and resins which have
high strength and molecular weight,
such as polyvinyl acetate, and copoly-
mers of ethylene and vinyl acetate,

There are a number of new, im-
proved products under development
that would push further growth of
tall ail rosin derivatives in the rapidly

Paper, rubber, adhesives
are big rosin users

Rosin end uses

Wood resins

Chewing gum, rosin oil, and other

Source: CREN Estimates

expanding adhesives industry. Prop-
erties of these products show them to
be equal or superior to other higher
priced resins currently in use. Arizona
Chemical sees such growth in hot
melts alone that the materials will
probably consume more than 50 mil-
lion pounds of rosin by 1970.
Protective coatings account for
about 115 of total rosin consumption
in the U.S., and they are going to con-
tinue to be.an important outlet for tall
oil rosin in the future, according to
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: Hercules has biggest tall oil fractionation capacity

COMPANY LOCATION CAPACITY* REMARKS
rzona Chemical |Panama City, Fla. 80 Adding 40,000 tons
Arizona y by June 1967
Springhill, La. 40 ‘
micals |Picayune, Miss. 45 Adding 30,000 tons
Crosby Che Y by fail 1967
De Ridder, La. | New 50,000 ton-a-
year Plant will be
S comg eted by June
196
Glidden Port St. Joe, Fla. - - BO
Hercules Franklin, Va. 65
- Portland, Ore. 25
Savannah, Ga, 65
Hattiesburg, New 90,000 ton-a-
- Miss. year Plant will be
completed by end
" . of 1967
Monsanto-Emery |Nitro, W.Va. 40
Owens-lHinois Valdosta, Ga. 10
,,,,, Tenneco “  |Bay Minette, Ala. 36
Oakdale, La. 29
Union-Camp Savannah, Ga. 110
West Virginia Pulp
& Paper Charleston, S.C. 50
Ziegler Chicago, lil. 20
Total current capacity ) 665
Total capacity when expansions and
- new plants are completed 875

* in thousands of tons of crude input per year.

Mr.  Sheflield.
iosins, and rosin deri

§ realized,
§ In printing inks all

Y3 of total
Here, though, the 1o
‘“we been wood and
L 2um yusin is the more

this market in the near
k End uses for tall oil

- phalt additives throu
" enishes,

- ' praperties that ind
4o growth, The

Rosins,

modified
vatives are still

{ vilely used to make various protcctive
i toatings such as varnishes and alkyds,
¥ Although total rosin consumption for
1 watings has been declining in recent
1 years because new technology has in-
treased the use of nonrosin-containing
synthetic resins, there remains a bright
8 picture for tall oil rosin as improve-
d ment in the quality of tall oil rosin is

three kinds of

B rosing are used to the tune of about
rosin consumption,

sins most used
gum; currently
important. But

P ol producers expect to gain in

future.
rosin and deriv-

#ives are many—from adhesives and

gh linoleum and

What is important about
« {uture of tall oil is a combination

icate its poten-
change-over to

wudiaradable detergents, for instance,
5 viven new emphasis to tall oil

" 14]l oil rosin and disproportion-

te

f_‘;’«‘i *411 0il rosin is the
'0d und Drug Adt
“Ir use in food pac

<4 tull oil rosin soaps are biodegrad-

Aunther jmportant aspect of rosins

approval by the
ninistration for
kaging applica-

tions. Chemical reactivity of tall oil
rosin (principally involving the car-
boxyl group and double bonds) means
it can be used to produce salts, soaps,
eslers, amines, amides, nitriles, and
Dicls-Alder adducts. The double
bonds allow isomerization, dispropor-
tionation, hydrogenation, dimerization,
and polymerization,

There remain some technical prob-
lemms for tall oil, however. Mr. Shef-
field points to sulfur content as one of
them. Current refining methods don't
eliminate sulfur in tall oil and its de-
rivatives, This bars their use in some
applications. For instance, it is diffi-
cult to make hydrogenated rosin be-
cause the sulfur poisons catalytic sys-
tems.

But technical problems aside, there
remains one most important factor
that will give tall oil rosin a distinct
advantage in the overall rosin pic-
ture—price. Tall oil rosin is currently
priced at 9.8 cents a pound (carload
drums, f.o.b. plant). Gum rosin is
priced at 109 cents a pound, and
wood rosin 12.0 cents for equivalent
color grades. With gum rosin
output dropping mnearly 27¢% in
the current crop year, and wood rosin
facing a slow but certain decline, tall
oil rosin’s price combined with its end-
use versatility will give it an increas-
ingly powerful hold in the total rosin
market.

-
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Chagpler {—TFeed ond Droa Adminis-
" iretion, Deportiiont of Health, Cdu-

catien, and Welfare

GrCHAFTER B TCOD AMD FOOD rRODUCTS

.

PART 121—FOOD ADDITIVES

Subpart D—Food Additives Permitted
in Fond for Humen Consumption

Grycrron Ester or Taun Oiv Rosny

The Commissionar of Fond rnd Drues,
havina evsluated the dnato in a petition
{(FAD 9A2102) filed by American Cyana-
mid Co., Woynn, N.J. 07470, and other
relevont myaterial, concludes that the
ford rdditive rounlstions should be
smonded to provide for safe use of
plvecrol ester of tall oil rosin as a plas-
ticizing material (zoftener) In chewing
rum bese, Therefore, pursunnt to pro-
visions of the Fedsral Fond, Drug, and
Cosmetic At (sec. 400(e) (1), 72 Stat.
1705, 21 US.C. 240 (1)) snd under
ritthority delezated to the Commissioner
(21 CFit 2.120), § 121.1039 is nmen-od

in peracraph () by siphobhetienlly in- -

serting in the list nf substances under
“Plocticizing Maoterials (Softeners)” a
new item as follows:

€ 12110359  Chewing gum base,

* » . * *
(ﬂ.) . v 0w
MASTICATORY SUDSTANCES
- * - - -
PLASTICIZING MATERIALS (SOFTENFRS)
» & ¥ ’r ® p
Olycrrol esterof  Havirg an acld number
tall oll rosin, of 5-12, n softening

point {ring stcd ball)
of £0°-{3* C., nud a
edar of ¥ op poler.
The ester s puified

by steam stripping.

*» LI
* . * » »

Any prrson who will by adversely af-
fectnd by the foregning order may at
auy timz within 39 rays from the date
of its publication In the ¥Frperat Riacis-
TeR file with the TTontineg Clerk, Depart-
ment of Hoolih, Tdunention, and Welfare,
Roon 5140, 320 Inrdopendenee Avenug
SW, Woashineton, DNC. 20201, wrilten
obinccllaons threreto, preforably in quin-
tuniteate, Objections siirtl shaow wherein
Ahe person fiting will be odversely of-
fected by the order and specify with
porticularity tho provisiens ef the order
deemed objoctionable and the grounds
for the objcctlors, Yf a hearing s ro-
quested, the objechllons must state the
issues for the hearing. A hearing will be

13, 1970

120

rranted 1f the objections are supported

"Ly grounds legelly sutitelent to Jusidy

Lae Lelicf sought. Objcctivis may be vo-
citpenicd by a mosorandam or bridt
in support thercof.

Effective date. Thls order shall bacoine
elicctive on the dute ol its publicativa in
tiie FrogiAlL Recosto.

(Sce. $409(e) (1), 72 Swat, 1783; 21 U.S.C. 343
) (1))
Dated: January 6, 1970.
RR. E. DucoeaN,
Acting Associate Commissioner
for Compliance.
[F.R. Doec. 7T0-30C; Filed, Jon. 13, 1070;
8:48 a.i.} .
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Chopl';-r l—Food and

and the reéulatlons in this part for the

- promulgation of a regulation.

(b) "Reasonable grounds” shall in-
clude an explanation showing wherein
the person has a substantial interest in
such regulation and an assertion of facts
(supported by data i avatlable) showing
that new Information exists with respect
to the food additive or that new uses
have been developed or old uses abene
doned, that new data are available as to
toxielty of the chemical, or that experi-
ence with the existing regulation or ex-
emption may justify its amendment or
repenl. New dats should be tirnished
in the form specifled {in § 121.51 for sub-
mikting petitions,

§ 12L.75
uee and procedure for obtaining su.
thorization to market edible products
from experimental animals.

A food additive, including one that is
g new drug or mntibiotie, or foods con-
taining such a food additive, intended
for investlgational use by qualifled ex-
perts shall be exempt from the require~
ments of section 409 of the act under the
{ollowing conditions:

(a) If intended for investigational use
tn vitro or with latoratory rencarch ani-
mals, it beara a Jalel which states promi.
pently, In addition to other information

.. required by the act:

CQoution-~Contains & new food additive (or
now drug, or antibiotic) for tuvestigational
use only in laboratory research animals, op
for tesis in vitro, Not for use in humans,

(b) If intended for elinieal investiga-
tional use in animals other than lobora-
tory research animals, and the edible
products of the animals are to he mar-
keted as food, permisston for the market-
ing of the edible products ns fopd has
been requested by the sponsor, and
authorization huas been granted by the
Food and Drug Administration {n nce
cordance with $130.3a of this chapter, or
by the Department of Agriculturs in ac.
cordance with § 309.20 of Title ¢, Code
of Federal Regulations, and it Lears a

Exemption for investigational -

. label which states prominently, tn srddi-

tion to other information required by the

aet, the following: _
Caution——Contains a new food additive

(or new drug, or antiblotic) for use ounly in

investigational antmels io clinlcal trials,
Not for use in humans.

$ 121.101

Edibls products of investigational animals
are not to be used for food unless authort-
zation has been granted by the US. Feod and
Drug Adminigtration or by the U.S. Depart-
ment of Agricuiture,

[31 73, 4801, Mar. 24, 1966]

Subpart B—Exemption “of Certaln
' Food Additives From the Require-
~ment of Tolerantes

§ 121.101 Substances that are generally
recognized ns safe,

(a) Tt i3 impracticabls to list all sub-
stances that are generally recognized us
safe for thelr intended uze, However, by
way of illustration, the Commissioner
repards auch comunon f00d {ngredients as
salt, pepper, sugar, vinegar, baking pow-
der, and monasodium ginitamate a3 safe

Drug Administration

for thelrintended uce. Tha lists in para-
graph (d) of this section include addi-’

tional substances that, when used for the
purposes indicated, i sccordance with
good manufacturing practice, are re-
garded by the Commitrioner as generatly
recognized as gsafe for such uses,

(b) For the purpstes of this eection.
good manufacturing practice ghall be
defined to include the following restric-
tions: . ‘

(1) The quantity of a substance added
to foorl does not excesd the amount rea«
sonably required to accomplish its in-
tended physiral., nutritional, or other
technizal effect i food; and

(2) The quantity of a substance that
hecomes a component of fo0d as a result
of its use in the manufacturing, procers-
ing, or piacikaging of food, rnd which (s
not Intended to accomplish eny physical
or other technical effect in the food fteolf,

ghall be reduced to the extent reasonabjy

possible. .

(3) The substanee 13 of approprista
food grade and is prepared and handled
as a food Ingredient. Upon request the
Commissioner will offer 21 opinion, based
on specifications and intended use, as to
whether or not a particular grade or lot
of the sutstance is of suitable purity
for use in food and would generslly be
regarded as safe for the purpoze in-
tended, by experts qualified to evaluate
{ts safety. :

(¢) 'The inclusion of substances in the

- Hst of nuirients does not constitute a

83

finding on the part of the Department
that the substance is useful as a supple-
ment to the dlet for humans,

[
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Chapter l——Food and

Qlycerin.,
Guar gum.
Invers sugar.
Iron, reduced.
Locust bean gum (carch bsan gum).
Magnesium carbonate,
Magnesium chioride.
Magnesium hydroxide,
esium sulfate,
Methyl and othyl nerylate,
Mono- and diglycerides from u;«mlm
of cdible fats and otls,
Olele acid.
Oxidea of tron.
Potassium sarbate.
Proplonic acid,
Propylene glycol.
&illcon dioxides.
Pulps from wood, straw, bagasse, or othu
natural sources,
Boap (sodlum oleate, sodium palmitate).
Sodium sluninnts,
Bodium enrbonate.

_ Bodtum ehloride,

Bodium hexametaphosphats, .

Bodium hydrosulfits,

Sodium hydroxide. "
Sodium phosphoaluminate.

Badinm silicate,

Hodium sorbate,

Sodium sulfats,

Sodiurg thioayifate (lddltln in sals),
Sodlum tripolyphosphate

Boy protaln. {=olated.

Bulfamic acld. Co .
Sulfurie acid, e
fitarah, acld modined. .
Btoreh, pregslatinized.

SBtarch, unmodified. T
Buorose,

Urea.

Vaniliin, .
Zino hydrosulfite,
Zine sulfate.

(1) Substances migrating to food {mm

cotton and cotton fabrica used in diy food
packaging that are generally recognized
83 safe for their intended use, within
tho meaning of section 409 of the act,
areas follows: -

Acaola {gum mhlc)
Acotio acld.

Beef tallow,

Calolum chioride.
Carboxymethylealluloge.
Cocounut oll, refined.
Oorn dextrin,
Cornataroh.

- Fiah oll (hydrogmtod).
© Gelatin,

QGuar gum.
Tydrogen peroxide.
Japan wax.
Lard,

95

Drug Administration § 121.200

Lard ofl. '
l.emtm::(vqmbu).

Locust bean gun (carob bean gumn).
Oleic Bctid. )
Poanutofl. - et
Potato starch. )
Sodtum ecetate. T o
Sodium bicarbonate, - A
Sodium carbonate. - -
Sodium chloride.
Bodium hydrozide. ) o
Bodium sulfate, AP
8Bodium silicats, : e
Bodmm tripolyphupbah.

Boybcnn oll (hydropn-ual.
tearis acid. .

T’JO .
Tall oil. . . .
Tallow (bydrogenated). T e
Taliow fiakes. : oo
Taploca starch, - I "
Tartarie acid. : o e
‘Tetrascdium pyroptosphats.
Orea. :
Wheatetarch, ~ o
Zinoobloride, - -
(Buca, 201(s), 408, 701(a), 63 Btat, 1035, 72
Btat. 1764, 1783 et sey., oo amendsd; 21 US.0.
821(»), 348, 371(a)) (30 P.R. 18348, Dec. 23,
1803, ra expended at 33 P.R. 5610, Apr. 1)
1068; 34 F.0., 17004, Oet, 31, 1060; 45 ~n
1048, Jan. 27, 1070

§ 121 102 Adjuvnmlorpmuxdcchm

Adjuvanta identiﬂcd and used in ge.
cordance with § 120.1001 (o) and (d) of
this chapter, which are sdded to pesti-
cide use dilutions by a grower or appilca-
tor prior to application to the raw
agricultural commodity, are exempt from
the requirement of  folerances under
section 409 of the ect. -

(8o, 400, 73 Btad. 1705 21 U0, 848) - -

Subpart C—Food Additives Permitted
in Foed ond Drinking Water of

@

Animals or for tho Treatment of .

Food-Producmg Animals

AUrnoriry: 'I'hn provisions of tbis Sud-
part O Lssued under e2o. 4032, 72 6iat, 1785; 4
U.H.0. 348, unless otherwlze noted.

§121.260 Definitions and In
tions applicable 1o Subpart &“WM
(a) Regulations preseriblng condte
tlons under which edditives -may tn
safely used in animal fesd, snimal feed
supplements, concentrites, or premixes

. or in animals intended for food uce thall

not be construed to reilove such additives
from the provisions of sections 508 and

011
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% ' < tbutylcarbamoyl) -2-benzimidazole-

wbamate) and its metabolites contain-
the benzimidazole moiety (calculated
enomyl) in dried apple pomace when

i --esent therein as a result of application
: prehawe&t and/or postharvest) of the

M ngeide to the raw agricultural com-
g ~:dity apples.
" "F.R. 26007, Dec. 5, 1972}

N: 121314 0,0-Dimethyl 2.2,2-trichloro-
1-hydroxyethyl phosphonate.

A tolerance of 2.5 parts per million is
g1+ ablished for residues of the insecticide
O-dimethyl 2,2,2-trichloro-1-hydroxy-
« [ phomhonate in dried citrus pulp
};en present therein as a resuit of ap-
4§ catton of the insecticide to growing
us fruit,

&8 X FR 2631, Jan. 29, 1973. Redesignated at
B3 7R 6394, Mar. 9, 1973]

$i:bpart D—Food Additives Permitted
@ in Food for Human Consumption
AUTHORITY: The provisions of this Sub-

Ei0 D fssued under sec. 409, 72 Btat. 1766;
«U8.C. 348,

121060 General provisions appli-
4 cable to this subpart.

41 '3 Regulations prescribing conditions
Jgder which food additive substances
£,737 be safely used predieate usage under
ditions of good manufacturing prac-

‘ For the purposes of this subpart,
S *m'mutactmm;' practice shall be de-
*d to include the following restric-

’ The quantity of the substance
‘2410 food does not exceed the smount
ﬁ“f'mbly required to accomplish its in-
“ud phystcal, nutritive, or other tech-
] off ect in food.

b, <) Any substance intended for use in
L 0 food is of appropriate food grade
‘_‘1 -3 prepared and handled as a food
i~ "dmnt

il "' The existence of a regulation pre-
}.-°'n2 safe conditions of use for a food
Ive shall not be construed to relieve
-_ahse of the substance from compli-
. with any other provision of the

p o ’ The existence of any regulation

“bing safe conditions of use for a
fflt substance does not eonstitute a
-3 that the substance is useful or

! *a "4 as a supplement to the diet of
g 2. l0‘31 Ethoxyquin.

b Ethoxyquin  (1,2-dihydro-6-eth-
*224- tumethquulnollne) may be

Chapter I—Food and Drug Administration § 121.1006

safely used as an antioxidant for pres-
ervation of color in the production of
chill powder, paprika, and ground chili
at levels not in excess of 100 parts per
million.

(b) In order to provide for the safe
use of the additive in feed prepared in ac-
cordance with §§ 121,201 and 121.202,
tolerances are established for residues of
ethoxyquin in or on edible products of
animals as follows:

5 parts per million in or on the un-
cooked fat of meat from animals except
poultry.

3 parts per milllon in or on the un-
cooked liver and fat of poultry.

0.5 part per million in or on the un-
cooked muscie meat of animals.

0.5 part per million in poultry eggs.

Zero in milk,

§ 121.1004 Glyceryl-lacto esters of fatly
ucids,

Glyceryl-lacto esters of fatty acids
(the lactic acid esters of mono- and
diglycerides) may be safely used in food
in accordance with the following pre-
seribed conditions:

(a) They are manufactured from glyc-
erin, lactic acid, and fatty scids conform-
ing with §121.1070 and/or olei¢c acid
derived from tall oil fafty acids conform-
ing with §121.1237 and/or edible fats
and oils.

tb) They are used in amounts not {n
excess of those reasonably required to
accomplish their intended physical or
technical effect as emulsifiers and plas-
ticizers in food.

[30 F.R. 15815, Dec. 23, 1965, as amended at
36 F.R. 0628, May 27, 1971)

§ 121.1006 Maleic hydrazide.

A food additive known as maleic hy-
drazide (1,2-dihydro-3.6-pyridazinedi-
one) may be present in potato chips
when used in accordance with the fol-
lowing conditions:

(a) The food additive is present as a
result of the application of a pesticide
formulation containing maiele hydrazide
to the growing potato plant in cccord-
ance with directions registered by the
United States Department of Agriculture.

(b) The label of the pesticide formu-
lation containing the food additive con-
forms to labeling registersd by the United
States Department of Agriculture.

(¢) The food additive is present in an
amount not to exceed 160 parts per mil-
lion by weight of the finished food.

383
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Chapter |-—Food and Drug Administration

only as prescribed by subparagraph (1)
of this paragraph.

|32 F.R. 9189, June 28, 1967, as amended at
34 F.R. 18421, Nov. 19, 1969}

$121.1047 Calcium stearoyl-2.lactylate,

The food additive calcium stearoyl-2-
lactylate may be safely used in or on
food in atcordance with the folliowing
prescribed conditions:

(a) The additive, which {s a mixture
of ealcium salts of stearoyl lactylic acids
and minor proportions of other calcium
salis of related acids, is manufactured
by the reaction of stearic acid and lactic
acid and conversion to the calcium salis.

() The additive meets the following
specifications:

Acid number, 50-86.

Caicium content, 4.2-5.2 percent.
Lactic acld ¢ontent, 32-38 percent,
Ester number, 125-164.

(¢) It is used or intended for use as
follows:

(1) As a dough conditioner in yeast-
leavened hakery products and prepared
mixes for yeast-leavened bakery prod-
ucts in an amount not to exceed 0.5 part
tcrdeach 100 parts by weight of flour
used.

(2) Asa whipping agentin:

1) Liquid and frozen egg white at a
level not to exceed 0.05 percent.

(ii) Dried egg white at a level not o
exceed 0.5 percent.

(1) Whipped vegetable oll topping at

1 & level not 1o exceed 0.3 percent of the

weight of the finished whipped vege-
able ofl topping.

+3) As a conditioning agent in dehy-
drated potatoes in an amount not to ex-
teed 0.5 percent by weight thereof.

{d) To dssure safe use of the additive:

'1) The label and labeling of the food
adcitive and any intermediate premix
Mepared therefrom shall bear, in addi-
Len to the other information required
¥ the act, the following:

1) The name of the additive.

‘ii) A statement of the concentration
£ strength of the additive in any inter-
i diate premixes.

2) The label or labeling of the food
3titive shall also bear adequate direc-
} s of use to provide a finished food
“.zt complles with the limitations pre-
ifii':bed in paragraph (c) of this section.
.0 FR. 15845, Dec. 23, 1985, as amended at
:i F.R. 10264, July 29, 1066, 33 F.R. 8504,

My 13, 1568; 33 F.R. 15653, Oct. 23, 1968]

§ 121.1050

§ 121.1048 Lactylic esters of fatty acids.

Lactylic esters of fatty acids may be
safely used in food in accordance with
the following prescribed conditions:

(a) They are prepared from lactic acid
and fatty acids meeting the require-

“ments of § 121.1070(b) and/or oleic acid

derived from tall oil fatty acids meeting
the requirements of § 121,1237.

(b) They are used as emulsifiers, plas~
ticizers, or surface-active agents in the
following foods, when standards of iden-
tity do not preclude their use:

Foods Limitations
Bakery mixes.
Baked products... ——e
Cake Icings, fillings, and
topplngs. 00000000 eeeerecenemeas
Dehydrated frults end vege-
tables.
Dehydrated fruit and vege-
table julces,
Prozen desserts
Liquid shortening...cceeacaa

use,
Y

Pancake mixes
Precooked instant rice
Pudding mixes —— -
Solid-state edible vegetable As substitutes
fat-water emulsions. for milk or
cream in
beverage

coftee,

(¢) They are used in an amount not
greater than required to produce the in-
tended physical or technical effect, and
they may be used with shortening and
edible fats and oils when such are re-
quired in the foods identified in para-
graph (b) of this section.

[30 F.R. 15845, Dec. 23, 1965, as amended at
38 F.R. 9628, May 27, 1971}

§ 121.1050 Coumarone-indene resin.

The food additive coumarone-indene
resin may he safely used on grapefruit,
lemons, limes, oranges, tangelos, and
tangerines in accordance with the fol-
lowing prescribed conditions:

(a) The food additive is manufactured
by the polymerization of a crude, heavy

.coal-tar solvent naphtha meeting the

following specifications:

(1) It is a mixture of indene, indan
(hydrindene), substituted benzenes, and
related compounds.

(2) It contains no more than 0.25 per-
cent tar bases,

(3) 95 percent distills {n the range
167° C.~184° C.

(b) The food additive meets the fol-
lowing specifications:

807
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(b The food additive is used or in-
tended for use in the amount necessary
for an emulsifier, stabilizer, or thickener
in foods, except for those standardized
foods that do not provide for such use.

(¢) To assure safe use of the rdditive,
the label and labeling of the additive
shall bear the name of the salt of fur-
celleran that dominates the mixture by
reason of the modification, e.g. “sodium
furcelleran,” “potassium furcelleran,”
ete.

§12L1070 Fanty acids.

The food additive fatty acids may be
safely used in food and in the manufac-
ture of food components in accordance
with the following prescribed conditions:

(8) The food additive consisis of one
ar any mixture of the following straight-
chain monobasic carboxylic aeids and
their associated fatty acids manufac-
tured from fats and oils derived from
edible sources: Capric acid, caprylic acid,
lauric acid, myristie acid, olelc acid,
valmitic acid, and stearic acid.,

(b) The food additive meets the fol-
lowing specifications:

(1> Unsaponifiable matter does not
exceed 2 percent.

(2) 1t is free of chick-edema factor:

() As evidenced during the bloassay
method for determining the chick-
edema factor as preseribed in paragraph
{¢) (2) of this section; or

D As evidenced by the absence of
thromatographle peaks with a retention
time relative to aldrin (RA) between 10
end 25, using the gas chromatographic-
®lectron capture melhod prescribed in
Paragraph (e) (3) of this seetion. If chro-
atographic peaks are found with RA
values between 10 and 25, the food addi-
live shall meet the requirements of the

loassay method breseribed in paragraph
©)(2) of this section for determining
thick-edema factor.

‘¢) For the purposes of this section:

(1) Unsaponifiable matter shall be de-
‘e'mined by the method described {n the

Most recent edition of “Offictal Methods .

“ Analysis of the Association of Official
Azrieultural Chemists."

'2) Chick-edema factor shall be de-
“rmined by the bloassay method
UCseribed fn Official Methods of Analysis
i the Association of Officlal Agricul-
“iral Chemists, 10th Editlon (1965),
“etions 26.087 through 26.091.

3) The gas chromatographie-electron
“ahture method for testing fatty acids
‘or chick-edema, shall be the method de-

40
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seribed In the “Journal of the Associa-
tion of Officlal Analytical Chemists,”
Volume 60 (No. 1), pages 216-218
(1967), or the modified method using a
sulfuric acid clean-up procedure, as de-
scribed in the “Journal of the Associg-
tlon of Official Analytical Chemists,”
Volume 51 (No. 2), pages 489-490 (1968).

(d) It is used or intended for use &s
follows:

(1) Infoods asa lubricant, binder, and
as & defoaming agent in accordance with
good manufacturing practice.

(2) As a component in the manufac-
ture of other food-grade additives,

(e) To ussure safe use of the additive,
the label and labeling of the additive
and any premix thereof shall bear, in
eddition to the other information re-
quired by the act, the following:

(1) The common or usual name of
the acid or acids contained therein,

(2) The words “food grade,” in
juxtaposition with and equally as proam-
inent as the name of the acid, AN
[30 F.R. 15845, Dec. 23, 1965, as amended at
81 F.R. 11215, Aug. 25, 1966; 32 FR. 11433,
Aug. 8, 1967; 33 F.R. 5016, June 19, 1968]

§ 121.1071  Salis of fatty acids,

The food additive salts of fatty acids
may be safely used in food and in the
manufacture of food components in ac-
cordance with the following prescribed
conditions: :

(a) The additive conststs of one or any
mixture of two or more of the aluminum,
calcium, magnesium, potassium, and so-
dium salts of the fatty acids conforming
with § 121.1070 and/cr oleic acid derived
frem tall oil fatty acids conforming with
§121.1237.

() The food additive is used or in-
tended for use as a binder, emulsifier,
and anticaking agent in food in accord-
ance with good manufacturing practice.,

(©) To assure safe use of the additive,
the label and labeling of the additive
and any premix thereof shall bear, in
addition to the other information re-
quired by the act, the following:

(1) The common or usual name of
the fatty acid salt or salts contalned
therein,

(2) The words “food grade,” In juxta-
pbosition with and equally as prominent
asthe name of the salt. )

[30 F.R. 15845, Dec. 23, 1965, as amended at
36 F.R. 9628, May 27, 1971}
§ 121.1072 Hydrogen cyanide.

The food additive hydrogen cyanide
may be present as a residue in certein

i
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§ 12,1236 _ 2-(p-tert-Butylphenoxy)cy-
clohexyl 2-propynyl suffite.

A tolerance of 30 parts per million s
established for residues of the insceticide
2 - (p-tert - butylphenoxy) cyclohexyl 2-
propynyl sulfile in or on dried hops re-
sulting from application of the insect-
icide to the raw agricultural commodity
hops.

135 PR, 15981, Oct. 10, 1970]

§121.1237 Olecic acid derived from tall
oil fatty acids.

The food additive oleic acid derived
from tall oil fatty aclds may be safely
used in food and as a component in the
manufacture of food-grade additives in
accordance with the following prescribed
conditions:

(a) The additive consists of puriflied
oleic acid separated from refined tall oil
fatty acids.

(b) The additive meets the following
specifications:

(1) Specifications prescribed in “Food
Chemicals Codex” for oleie aeid, except
that titer (solidification point) shall not
exeeed 13.5° C. and unsaponifiable mat-
ter shall not excced 0.5 percent.

(2) The resin acid content does not
exceed 0.01 percent as determined by
ASTM Method D 1240-54 (1961).

(3) The requirements for absence of
chick-edema f{actor as prescribed in
§121.1070.

() It is used or intended for use as
follows:

Y% (1) Infoods as a lubricant, binder, and
defoaming agent in accordance with good
manufacturing practice.

(2) As a component in the manufac-
ture of other food-grade additives.

(d) To assure safe use of the additive,
the label and labeling of the additive
and any premix thereof shall bear, in ad-
dition to the other information required
by the act, the following:

(1) The common or usual name of the
acid.

(2) The words “food grade” in juxta-
position with and equally as prominent
as the name of the acid.

[36 F.R. 9628, May 27, 1871}
§121.1238 Synthetic fatty alcohols,

Synthetic fatty alcohols may be safely

used in food and in the synthesis of food

components in accordance with the fol-
lowing prescribed conditions:

454
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(a) The food additive consists of
one of .the. following fatty alcohy) .
Hexyl, octyl, decyl, lauryl, myristyl, cel,)
and stearyl; manufactured by distit),
tion of alecohols obtained by oxidation ,.
organo-aluminums generated by the (‘v;r: ’
trolled reaction of low molecular WCip,
trialkylaluminum with purified ethyu,
(minimum B89 percent by volume .11,
and utilizing the hydrocarbon sclvent .’
defined in paragraph (b) of this secty,
such that: "

(1) Hexyl, octyl, decyl, lauryl, up.
myristyl alcohols contain not less thg,
99 percent of total alechols and not g,
than 96 percent of straight chain al.
cohols. Any nonalcoholic impurities are
primarily paraflins,

(2) Cetyl and stearyl slcohols contajr
not less than 98 percent of total alcoly:
and not less than 94 percent of straigt.
chain alcohols. Any nonalcoholic impuyi.
tles are primarily paraffins.

(3> The synthetic fatty alcohols con.
tain no more than 0.1 weight percent ¢
total diols as determined by a metho
available upon request from the Commi:.
sioner of Food and Drugs.

(b) The hydrocarbon solvent used i

the process deseribed in paragraph (a) o ;
this section is a mixture of Mquid hydre. b

carbons essentially paraffinic in nature
derived from petroleum and refined

meet, the specifications described in sub. §
paragraph (1) of this paragraph wher |
subjected to the procedures deseribed ir {
subparagraphs (2) and (3) of th:f

paragraph,

(1) The hydrocarbon solvent meet: |

the following specifications:

27 ]
(ii) Ultraviolet absorbance limits a:f
follows:
Mazimum
absorbence }
per centimetr
optical path §
Wavelength (millimicrons): length
280-289 e 0.1
280-299 e e e 1
800-359 e 0
380400 ..o N

(2) Use ASTM Method D-86 to deter ¥

mine boiling point range.
(3) The analytical method for deter

mining ultraviolet absorbance limits if

as foliows:

(1) Boiling-point range: 175° C.f
5° C,

-y

BEsy

Bpm——
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(¢) The labeling of the food additive
shall contain adeguate directions for its
use to insure compliance with the re-
quirements of paragraphs (a) and (b)
of this section.

§ 121.2519 Defoaming sgents used in
the manufacture of paper and paper.

board.

Defoaming agents may be safely used
in the manufacture of paper and paper-
hoard intended for use in packaging,
transporting, or hoiding food in accord-
ance with the following prescribed
conditions:

(a) The defoaming agents are pre-
pared from one or more of the subtances
named in paragraph (d) of this section,
subject to any prescribed limitations,

(b) The defoaming agents are used to
prevent or control the formation of foam
during the manufacture of paper and
paperboard prior to and during the
sheet-forming process.

(¢) The quantity of defoaming agent
or agents added during the manuiac-
turing process shall not exceed the
amount necessary to accomplish the in-
tended technical effect.

(d) Substances permitted to be used in
the formulation of defoaming agents in-
clude substances subfect to prior sanc-
tions or approval for such use and em-
ployed subject to the conditions of such
sanctions or approvals, substances gen-
erally recognized as safe for use in food,
substances generally recognized as safe
for use in paper and paperboard, and
substances listed in this paragraph, sub-
ject to the limitations, if any, prescribed.

(1) Fatty trigiycerides, and the fatty

adlds, alcohols, and dimers derived
thergfrom:

Beef tallow. Mustardseed ofl.
Castoroll. Palm ofl.
Coconutoll, Peanut oll.

Corn ofl, Rapeseed oil.
Cottonseed ofl. Ricehran oll.

Fish oll. Soybean oil.

Lard otl. Sperm oll.

Linseed ofl, Tall oll,

(2) Patty triglvcerides, and marine
oils, and the fatty acids and alcohols
derlved therefrom (subparagraph (1)
of this paragraph) reacted with one
or more of the following, with or with-
out dehydration, to form chemicals of
the category indicated in parentheses:

Aluminum hydroxide (soaps).
Ammonia (amides).
Butanol (esters).

011
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Butoxy-polyoxypropylene, molecular wel,
1,000-2,500 (esters). -

Butylene glycol (esters).

Calclum hydroxide (soaps).

Diethanolamine (amides).

Diethylene glycal (esters).

Ethylene glycol (esters).

Ethylene oxide (esters and ethers).

Glyeerin (mono- and diglycerides).

Hydrogen (hydrogeunated compounds).

Hydropen (amines).

Isobutanol (esters).

Icopropanol (esters),

Magnesium hjdroxide (soaps).

Methanol (esters),

Morpholine (goaps).

Oxygen (air-blown otls).

Pentnerythritol (esters).

Polyoxyethylene, molecular weights 200, 34,
400, 600, 700, 1,000, 1,640, 1,680, 1,780, 4 g4,
(esters), m

Polyoxypropylene, molecular welight 2qq.
2,000 (esters).

Potassium hydroxide (s0aps).

Propanol (esters),

Propylene glycol (esters),

Propylene oxide (esters).

Sodium hydroxide (soapa}). ;

Sorbltol (esters).

Sulfurie acid (sulfated and sulfonated com.
pounds).

Triethanolamine (amides and scaps).

Trifsopropanolamine (amides and soaps),

Trimethylolethane (esters).

Zinc hydroxide (soaps).

(3) Miscellaneous:

Alcohols and ketone alcohols mixturs (sty).
bottom product from C,-C,, alcohol many.
facturing process).

Amyl alcohol.

Butoxy polyethylene polypropylene glyeo:
molecular weight 800~4,200.

Butoxy-polyoxypropylene molecular welght
1,000-2,600.

Butyrleted hydroxyanisole,

Butylated hydroxytoluenae.

Calclum lignin sulfonate,

Capryl alcohol.

p-Chlorometacresol.

Cyclohexanol.

Diacetyltartaric acld ester of tallow mono-
glyceride.

Diethanolamine.

Diethylene triamine,

Di-(2-ethylhexyl) phthalate,

2,6-Dimethyl heptanol-4 (nonyl alcohol).

Dimethylpolysiloxane,

Di-tert-butyl hydroquinone.

Dodecylbenzens sulfonic aclds.

Ethanol.

2-Ethylhexanol,

Ethylenediamlne
scdium salt.

Fermaldehyde,

Heavy oxo-fraction (a still-bottom product
of liso-octyl alcohol manufacture, of ap-
proximate composition: OQectyl alcohol §
percent nonyl alcohol 10 percent, decy! and

tetrascetic acid tetrs-
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higher alcohols 35 percent, esters 45 per-
cent, and soaps & percent),

3-Heptadecenyl-4-methyl-4-hydroxymethyl=
2-0x820line,

Hexylene glycol (2-methyl-2-4-pentanediol).

12-Hydroxystearic acid.

sobutanol.

Isopropanol.

Isopropylamine salt of dodecylbenvene sul-
fonic acid,

Kerosine.

Lanolin.

Methanol.

Methyl 12-hydroxystearate.

Methy! taurine-oleic acid condensate, moleo=
ular weight 486,

Mineral oil.

Mono=, dl-, and trilsopropanolamine.

Mono~ and diisopropanclamine stearate.

Monobutyl ether of ethylene glycol.

Monoethanolamine.

Morpholine,

Myristy! aleohol,

Naphtha

i~Naphthol.

Yonylphenol.

Odorless light petroleum hydrocarbons.

Oleyl alcohol.

Petrolatum,

o-Phenyiphenol.

Pine oil,

Polybutene, hydrogenated; complying with
the identity prescribed under § 121.2511(b).

Polyethylene.

Polycthylene, oxidized (alr-blown).

Polyoxyethylens (4 mols) decyl phosphate.

dolyoxyethylene (4 mols) ril(2-ethyl
hexanoate),

Polyoxyethylene (15 mols) ester of rosin,

Polyoxyethylene (8-15 mols) tridecyl ale
cohol,

Polyoxypropylene, molecular welgbt
200--2,000.

Folyoxypropylene-polyoxethylene condensate,
minimum molecular welght 850,

Pulyoxypropylene-ethylene oxide condensate
uf ethylene diamine, rnolecular welight
1,700-8,800.

Puzgvgor:)yl pyrrolidone, molecular welght

Sotasslum distearyl phosphate.

Totugstum pentachlorophenate.

fotagsium trichlorophenate.

§ “osing and rosin derivatives identified in

£121.2520(c) (5).
Uilen,

Ytum alkyl (C,-C,;) benzene-sulfonate.

Cdium dloctyl sulfosuceinate,

>vlum distearyl phosphate.

“dium lauryl sulfate,

delum lgain sulfonate.

“idium 2-mercaptcbenzothiazole.

Foaum navhthalenesulfonic acld (8 mols)

. “ondensed with formaldehyde (3 mols).

“itum orthophenyiphenate,

“ium pentachlorophenste.

“lum petrolesm sulfonate, molenular
weight 440-450,

Sodium trichlorophenate,

Stearyl alcohol.

a=[p-(1,1,3,3-Tetramethylbutyl) phenyl-, p-
nonylphenyl-, or p-dodecylphenyl]-onmega-
hydroxypoly(oxyethylene) produced by the
condensztion of 1 mole of p-alkylphenol
(alkyl group is 1,1,3,3-tetramethylbutyl, a
propylene trimer isomer, or a propylene
tetramer isomer) with an average of 1.5-15
moles of ethylene oxide.

Tributoxyethyl phosphate.

Tributyl phosphate.

‘Tridecyl alcohol.

Triethanolamine.

Triethylene giycol di(2-ethyl hexanoate).

Tri- (2-ethylhexyl) phosphate.

Tristearyl phosphate.

Wax, petroleum, Type I and Type II.

Wax, petroleum (oxidized).

Wax (montan).

|30 F.R. 15845, Dec, 23, 1965, as emended at 32

F.R. 17656, Dec. 12, 1967; 33 F.R. 568, Jan. 17,

1968; 34 F.R. 6419, Apr. 12, 1969; 35 F.R. 5220,

Mar. 28, 1970}

§ 121.2520 Adhesives.

(a) Adhesives may be safely used as
components of articles intended for use
in packaging, transporting, or holding
food in accordance with th%‘ following
prescribed conditions:

(1) The adhesive is prepared from one
or more of the optional substances
named in paragraph (¢) of this section,
subject to any prescribed limitations.

(2) The adhesive is either separated
from the fcod by a functional barrier or
used subject to the following additional
limitations:

() In dry foods. The quantity of ad-
hesive that contacts packaged dry food
shall not exceed the limits of good manu-
facturing practice.

til) In fatty and aqueous foods. (@)
The quantity of adhesive that contacts
packaged fatty and aqueous foods shall
not exceed the trace amount at seams
and at the edge exposure between pack-
aging laminates that may oceur within
the limits of good manufacturing
practice.

(b) Under normal conditions of use
the packaging seams or laminates will
remain firmly bonded without visible
separation.

(b) To assure safe usage of adhesives,
the label of the finished adhesive con-
tainer shall bear the statement “food-
packaging adhesive.”

(¢} Subject to any limitations pre-
scribed in this scetion and in any other
regulation promulgated under section
409 of the act which prescribes safe con-
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COMPONENTS OF ADHESIVES—Continued

Substances
Diethylepe glycolo.....
Dipentaerytnritol mea..
Ethylene glycole.._...
Formaldebhyde . -

Isophthalic acld......
¢4’ -Ysopropylidenedi~
phenol-epichlorohy-
drin (epoxy).
4,4'-Isopropylidenedi-
phenol-formalde«
hyde.
Maleic anhydride.....
Methyl alcONOlaucacene
Pentaerythritol ......
Phthallic anhydride.....
Polyethylene glycol....
Phenol-formaldehyde .
Phenyl o-cresol-for-
maldenyde.
p-Phenylphenol-for-
maldehyde,
Sulfuric acld..ceeee.
Triethylene glycol.....
Xylenol-formaldehyde.
Fosin  salts (salts of
wood, gum, and tall
oil rosin, and the
dimers thereof, dee
carboxylated rosin,
disproportionated
rosln, hydrogenated

rosin) :
Aluminum e.eecccmeea
AMmontum weceeceeca
Calcium .oe.. e

MagnestUm eecomeenas
Potagalum .covevconacaa

2}, 7 -
Rosin, gasoline-fnsolubl
fraction.
Rubber hydrochloride
Polymer.
Subber latex, natural.....
SBUCYHE 801 e m e e e
SandBree .ooevemconna.
“bacic acld
Shellag ooveooee_ oo ——
Sodium  alky! (Cs-Cus
aliphatic) benzenesule
. fonate.
“dium aluminum pyro-
. Phosphate.
>dium  aluminum sul-
tate,

dium bisulfate........
“dum caleium silicate..
¥dlum  eapryl polye
. *hosphate,

“dium  carboxymethyle
. tollulose.

YNum ChIOrate. .oemeew
“dium ehlorite.ecomen.

Limitations

For use as pre-
servatire only,

§ 121.25%20

COMPONENTS OF ADHESIVES—Continued

Substances

Sodium dehydroacetate..

-

Sodium  di-(2-ethylhex-
oate),

Sodium di(2-ethylhexyl)
pyrophosphate,

Sodium dihexylsulfosuc-
cinate,

Sodium dlisobutyiphe-
noxydiethoxyethyl sule
fonate,

Bodium difsobutylphe-
© Roxymonoethoxyethyl
sulfonate.

Sodium difsopropyl- and
trusopropylnaphtha-
lenesulfonate,

Sodium  dimethyldithios
carbamate,

Sodium  dloctylsulfosuc-
cinate.

Sodium n-dodecylpoly-
ethoxy (50 moles) sul-
fate,

Bodium ethylene ether of
nonylphenol sulfate,
Bodium 2-ethylhexyl sul-

Iate

Sodlufn fluoride.........

Bodium formaldehyde
sulfoxylate.

Sodfum formate._______ -

Sodium heptadecylsul-
fate,

Sodium hypochlorite. ...

Sodium 1sododecylphe.-
noxypolyethoxy (40
moles) sulfate,

Sodlum N-lauroyl sar.
cosinate,

Bodium metaborate..._.

Sodium e~naphthalene
sulfonate,

Scdium nitrate...oo.....

Sodium nitrite._._.______

Sodium  oleoyl isopro-
panolamide sulfosuc-

Sodium pentachlorophe-
nate,

Sodium perborate.....__

Sodtum persulfate_..____

503

Limitations

For use as pre.
servative only,

?\‘

Por use only as
bonding agent
for aluminum
foll, stabllizer,
OF preservattve.
Total fluo-
ride for all
sources not to
exceed 1 per-
cent by welght
of the finighed
adheslve,

Por use as pre-
servative only,
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COMPONENTS OF ADHESIVES—Continued

Substanoes
Sodium o-phenylphenate.

Sodium pelyacrylate..._.
Bodium polymethacrylate
Bodium polystyrene sul-
fonate.
Sodium salicylate__._...
Sodium tetradecylsul-
fate,
Bodtum thlocyanate_.._.
Bodium  bis-tridecylsule
fosuccinate,
Sodium xylene sulfonate.
Sorbitan monooleate ...
Sorbitan monopalmitate.
Sorbitan monostearate_..
Soribtan trioleate...avaa
Sorbitan tristearate_....
Soybean oil, epoxidized..
Spermnacet! wax___.._._.
Sperm 01l WaXeeooeanaann
Stannous oleate........

Btannous stearate.......

Btarch hydrolysates.......

Starch or starch modified
by ohe or more of the
itreatments described in
§§121.1031 and 131.-
25040,

Btarch, reacted with a
urea - formaldehyde
resin.,

Starch, reacted with form-
aldchyde.

Stearamide (stearie acld
amide},

Stearic acldemmcvcncncuaa

Stearlie acid-chromlc
chloride complex,

Stearyl-cetyl alcohol,
technical grade, ap-

oximately 65 per-
cent--80 percent stearyl
and 20 percent-35 per-
cent cetyl,

Strontium salicylate.....

Styrenated phenol.o.c....

Styrene-maleic anhy-
dride copolymer, am-~
moenium or potassium
ealt.

Btyrenc-maleic anhy-
dride copolymer (par-
tially methylated) so-
dium salt.

8tyrene-methacryile acld
copolymer, potassium
salt.

Sucrose acetate isobutyr-
ate.

Sucrose benzoate. . w-..

Bucrose octancetate. ...

Bulfonated octadecylene
(sodium form).

Limitations

For use as pre-
servative only.

For use as pre-
servative only.

For use only as
a catalyst for
polyurethane
resins.

COMPONENTS OF ADHESIVES—Qontinued

Substances

Tall oil fatty acids, lin-
oleic and oleic.

Tall oll fatty acid methyl
ester.

Tall oil, methyl ester

Tall 0il pltche e

Tall 01l BOAPS - cvvm e

Tallow alcohol (hydro-
genated),

Tallow amlne, secondary
(hexadecyl, octadecyl),
of hard tallow.

Tallow, blown (oxidized).

Tallow, propylene gilycol
ester,

Terpene resing (a- and g-
piner.e) hemopolymers,
copolymergs, and cone
densates withh phenol,
formaldehyde, couma-
rone, and/or indene,

Terphenyl wocaomvncea

‘Terphenyl, hydrogenated.

Terpineol .cceeecamocane

Tetraethylene pentamine.

Telraethylthiuram disul=
fide.

Tetrahydrofurah ... -

Tetrahydrofurfuryl alco-
hol.

Tetra-isopropyl titanate.

a-{p-(1,1,3,3 - Tetrameth-
ylbutyl) phenyl)-ome=
ga-hydroxypoly - (oxye«
thylene) produced by
the condensation of 1
mole of 9r-(1,1,3,3-tetra-
methylbutyl) phenol
with an average of 140
moles of ethylene oxide.

Tetrakis[methylene (3,5«
di - fert - butyl-4-hy-
droxy - hydrocinna-
mate) ] methane.

@-[p-(1,1,3,3 - Tetrameth-
ylbutyl) phenyl}-
omega - hydroxypoly
{(oxyethylenie) mixture
of dihydrogen phos~
phate and monohydro-
gen phosphate esters
and their sodium, po-
tassium, and ammonl-
um salts having a poly
(oxyethylene) content
averaging 6-9 or 40
moles,

Tetramethyl decanediol..

Tetramethyl! decynediol..

Tetramethyl decynediol
plus 1-30 moles of sthy-
lene oxide.

Tetramethylthiurem
monosulfide.

504

Limitations
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(b} The substances permitted are as follows:

List of substences Limitations B
Copper-8-quinolinolate —
Mineral spirits .
Parafin Weax Used singly or in combination so us

to constitute not less than 809, o
the solids.
Petroleum hydrocarton resin, produced by the homo- Do,

and copolymerization of dienes and olefins of ths
aliphatic, alicyclic, and monobenzenold arylalkene
type from distillates of aracked petroleum stocks.
Pentachlorophenol snd its sodium 8alt..-occacee--- Not to exceed 50 pp.m. in the

treated wood, calculated as pent,.
chlorophenol.

Rosins and rosin derivatives.

As provided in § 131.2593.

Zinc ssalt of sulfonated petroleum

§ 121.2557 Defoaming agents used in
coatinge.

The defoaming agents described in this
section may be safely used &8s com-
ponents of articles intended for use in
producing, manufacturing, packing,
processing, preparing, treating, packag-
ing, transporting, or holding food, sub-
ject to the provisions of this section,

(a) The defoaming sagents are pre-
pared as mixtures of substances de-
seribed In paragraph (d) of this sectlon.

(b) The quantity of any substance
employed in the formulation of defoam-
ing agents does not exceed the amount
reasonably required to accomplish the
intended physical or technical effect in
the defoaming agents or any limitation
further provided.

(¢) Any substance employsd in the
production of defoaming agents and
which is the subject of a regulation in
this Subpart F conforms with any specifi-
¢atlon in such regulation.

.(d) Substances employed in the
formulation of defoaming agents
include:

(1) Substances generally recognized
as safe in food.

(2) Suhstances subject to prior sanc-
tion or approval for use In defoaming
ggents and used in aceordance with such
sanction or approval.

(3) Substances identified in this sub-
paragraph and subject to such limita-
tions as are provided:

List of substances Lireitations

n.Butyl aleohol. ... amemmanmseen
tert-Dutyl alcohol...
Butyl stearate __.ooen..
Castor oll, sulfated, ammculum
potassium, or sodium salt.
Cetysl aleohol
Cyclobexane
Cyclohexanol
Diethylene glycol mon Maurate...!
Diethylene giy ool monustearate.

List of substances Limitations

Dimers and trimers of unsatu- | For use on!
rated Crelatty aclds derived lovels nntytgtep
from: ceed 019 by

Agﬁzsml and vegetable fats and| weight oftotal
oo, coating solids,

Dimethyipolysiloxane. ..........

Dxpmn_vlene glycol. veun

Ethyl Aleoho)oeee e e cnonnen

Fats and olls derived from
animal, marine, or vegetable
sources,

Faity scids derlved from animal,
marine, or vegetable fats and
olls, and salts of such acids,
slnele or mixed, as follaws;

Aluminum.
Ammonium,
Calcium,
Magnestum,
Potasstum,
Sodium,
Zine,

Formaldehyde..... resremssomanns For use ar preservy.

tive of deloamer

ouly,

Gly?eryl mono-12-hydroxystea.
e,

rate.

Glyceryl monostearate.e e e en...

Hexant.seee vveeneunnnnnee

Hexylens giyool (2-methyl.
pentanediol),

Isobutyl alcohol. .

Isopropy! alcoho!

i
cithin hydroxylated.

Methyl aleohol. (aeano. .-

Mothyleellulose...on e oeveweeacnn

BMethy! esters of fatty aclds
derlved from animal, marine,
or vegcetable fats and olls,

Methyl oleate

Methyl palinitate.

Mineral oil.

Mustardseed ofl, sulfated , am.
monium, potassium, or so-
dium salt.,

Myristyl 8leoholeeeeveunrcnacan.

Eaphlgn?.., ......... S
Naphtho! For use as preserva
tive of defoamsr

only,

Nony! phenol........... wemnnsmas ny
Odorless light petroleum As defined In

hydrocarbons. §121.2504,
Oleic acid, sulfated, ammonium,

potassium, or sodium salt.
Parachlorometacr3sol. .c.ueecmue. For use as p
tive of delouner
only;
Peanut ol], sulfated, ammonium,

potassium, ot sodlum sals.
Petrolotum . .o eeanan
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List of substances Limitations

o

Pine 0fl -

lic neid, sodium salt....] As a stabliizer and
hiyacey thickener in  de-
foaming agents
containing dimeth-
yipalysiloxane,
hiethylene... ...
ralyethylene, oxidiz -
oivethylene glycol (200) dllau-

rate. .
miyethylene glycol (400) diol-
eate.

Palytethylcne glyeol (800) diol-
eate.

polyethylcne glycol (400) esters

of coronut oil fatty acids.
Plyethylene glyeol (404) mono-

oieate.
flyethyleno glyeol (600) ruono-

meate,
Polyettiglene glyeol (G00) mono-
ricinaleate.
Polyethylene glycol (400) mono-
searute.
Pclyoxyhutylcno«pulyoxypropyl-
cpe-polyosyethylens glyeol
(min. mal, wt. 3700).
Patvoxyethyiated (min. 3 mols)
sty nleohal.
Bipoxyethylated (min. 5 wols)
oleyl aicohol,
Ps'yoxyethylated (min, 1.5 mols)
trtdecyl aleohol.
?iivoxyethylene (min. 15 mols)
ester of rosin,
hiyosyethyicne (min. 8 mols)
monooleate,
Zyovyetliyiene (40) stearate....
Biyosypropylsted  (min.
L als) gm:,vl aleohol,
Divorypropyleas giyeol (min.
5uml. wt. 2.
2olvozypropyiene (min. 20 mols)
Jvieate butyl ether.
*yovypropyiene-polyoryethyl
30 ziyeol (min. mol, wt. 1,900%,
tilvoxepropylene (min. 40 wols)
learate butyl ether,
*stassinm pentachlorophenate...| For use a8 preservas
tive of defonmet
. only,
" lassium triclilorophenate. .....| For use as preservae
tive of defosmer
N ouly.
. ene %lyool mongester of
nan oll Intty acids.
lene E:lyco monoester of
low fatty ncids,
-tehran ofl, sulfated, smmonium,
.Mtassium, or sodlutn salt,
sing and fosin derivatives....| As providedin
§121,2502.

For use as preserva-
tive of defoamer
only.

For use At [reservas
tive of defoamer
only.

For use a3 preservas
tive of defoamer
only.

Toitnntrlatenrateo ancomveraana
<t oif, sulfated, ammonium,

asstum, of sodiam sait.

¥l aleohol . cen e e creeeanes
=l Tty aCidS. s vvaen sennaean
Coy o Tatly oacids, hydro-

< hated ar sulfated,

wiaw, suifated, uinmonium,

2.t wssfumn, of sedium salt.

propanolamine
1§, botroleum. .. -

(e) The defoaming agents are used as
follows: i i

(1) The quantity of defoaming agent
or agents used shall not exceed the
amount reasonably required to accom-
plish the intended effect, which Is to pre-
vent or control the formation of foam.

(2) The defoaming agents are used in
the preparation and application of coat-
fngs for paper and paperboard.
[30 FR. 16845, Dec, 28, 1865, as rmended af
381 FR. 16570, Dec. 10, 1066; 83 P.R. 4060,
Mar. 15, 1967; 32 F.R. 14553, Oct. 19, 1067;
$4 P.R. 7374, May 7, 1968; 34 F.R. 12089,
July 18, 1869]

§ 121.2558 lsoparaflinic petroleam hy-
drocarbons, synthetic.

Isoparafiinic petroleum hydrocarbons,
synthetic, may be safely used in the
production of nonfood articles {ntended
for use in producing, manufacturing,
packing, processing, preparing, treating,
peckaging, transporting, o holding food,
subject to the provisions of*this section.

(8) The isoparaffinic petroleum hy-
drocarbons, produced by synthesis from
petroleum gases, consist of a mixiure of
Hquid hydrocarbons meeting the follow-
ing specifications:

Bolling point 145°-500* P., as determined
by A.S.T.M., Method D-86.

Tltraviolet absorbance:

260-319 millimicrons—1.6 maximum.

320-328 millimlcrons—0.08 maximum,

830-350 millimicrons—0.05 maximum.

Nonvolatlle residue 0.002 gram per 100 mll-
1lliters maximum.

Bynthetic isoparafinic petroleum hydrocare
bons containing antloxidants shall meet the
specified ultraviolet absorbance llmita after
correction for any absorbance due to the
antioxidants. The ultraviolet absorbance
shall be determined by the procedure de-
scrlbed for appllcation to mineral oil under
“Specifications” on page 66 of the Journal
of the Association of Officlal Agricultural
Chemists, Vol. 45 (February 1962}, disre-
garding the last sentence of that procedure
For hydrocarbons boiling below 250° F., the
nonvolitile residue shall be determined by
A.B.TM. procedure D-1353; for those bolling
sbove 250° F., AS.TM. procedure D-881
ghall be used.

(b) Iscparaffinic petroleum hydrocar-
bons may contain antioxidants author-
{zed for use in food in an amount not
to exceed that reasonably required to
accomplish the intended technical
effect.

(c) Isoparafiinic petroleum hydrocar-
bons are used in the production of non-
food articles. The quantity used shall
not exceed the amount reasonably re-

585
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quired to acomplish the intended tech-
nical effect, and the residual remaining
in the finished article shall be the mini-
mum amount reasonably attainable,

§121,2559 Xylene-formaldehyde resins
condensed with 4.4’-isopropylidene-
diphenol-epichlorohiydein epoxy
resins.

The resins identified in paragraph (a) .
of this section may be safely used as &

food-contact coating for articles in-
tended for use in contact with food, in
accordance with the following prescribed
conditions.

(a) The resins are produced by the
condensation of Xylene-formaldehyde
resin and 4.4'-isopropylidenediphenol-
epichlorohydrin epoxy resins, to which
may have been added certain optional
adjuvant substances required in the
production of the resins or added
to impart desired physical and tech-
nical propertics. The optional ad-
juvant substances may include resins
produced by the condensation of allyl
ether of mono-, di-, or trimethylol phenol
and capryl alcohol and also may include
substances identified in § 121.2514(b) (3),
with the exception of paragraph (b) (3)
(xxxD) and (xxxil) of that section.

(b) The resins ldentified in paragraph
(&) of this section may be used as a food-
contact coating for articles intended for
contact at temperatures not to exceed
160° F. with food of types I, I, VI-A and
B, and VIII described in table 1 of
§ 121.2526(¢) provided that the coating
in the finished form in which it is to

ntact food meets the following extrac-
tives limitations when tested by the
methods provided in § 121.2514(e):

(1) The coating when extracted with
distiled water at 180° F. for 24 hours
yields total extractives not to exceed 0.05
milligram per square inch of food-
contact surface.

(2) The coating when extracted with
8 percent (by volume) ethyl alcohol in
distilled water at 160° F. for 4 hours yields
total extractives not to exceed 0.05 milli-
gram per square inch of food-contact
surface.

(¢) The resins identified in paragraph
(a) of this section may be used as a food-
contact coating for articles intended for
contact at temperatures not to exceed
room temperature with foed of type VI-C
described in table 1 of § 121.2526(¢) pro-
vided the coating in the finished form in
which it is to contact food meets the fol-
lowing extractives limitations when

Title 21——Food and Drugs

tested by the methods provideq |
§ 121.2514(e): k

(1) The coating when extracted wit
distilled water at 180° F. for 24 ny,
yields tatal extractives not to exceeq g

milligram per square inch of fcod-c;,’ §

tact surface.

(2) 'The coating when extracted i,
50 percent (by volume) ethyl alcohn),,
distilled water at 180° F. for 24 Loy,
vlelds total extractives not to exceed .
milligram per square inch. N
{34 F.R. 12089, July 18, 1969]

§121.2560 I'oly-1,4,7,10,13-pentaa,,

15-hiydroxyhexadecane.

Poly - 1.4.7,10,13-pentaaza~-15-hydrg,.
yhexadecane may be safely used as, J
retention aid employed prior to t, §
sheet-forming operation in the mar, B
facture of paper and paperboard . H
tended for use in contact with food 1 Ji

an amount not to exceed that necessyry

to accomplish the intended physical (.
technical effect and not to excesd s
pounds per ton of finished paper ¢ §

paperboard.

§ 121.2561 Esters of stearic and palmiy,

acids,

The ester stearyl palmitate or palmiiy 'E
stearate or mixtures thereof may b B
safely used as adjuvants in food-pacy. K

aging materials when used in accordane

with the following prescribed conditions §

(a) They are used or intended for ug §
as plasticizers or lubricants in polysty. i
rene intended for use in contact wi: E

food.

polymer prior to extrusion.

(¢) The quantity used shall not excee:
that required to accomplish the intende: §

technical effect.

§ 121.2562 Rubber articles intended for

repeated use.

Rubber articles intended for repeated '
use may be safely used in produecing §
manufacturing, packing, processing §

preparing, treating, packaging, trans.
porting, or holding food, subject to tht
provisions of this section.

(a) The rubber articles are prepared §

from natural and/or synthetic polymen
and adjuvant substances as described it
paragraph (¢) of this section,

{b) The quantity of any substance ex-
ployed in the production of rubber &
cles intended for repsated use shall n¢
exceed the amount reasonably requirx
to accomplish the intended effect in th

556
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ubber article and shall not be intended
o accomplish any effect In faod.

(¢} Bubstances employed in the prep-
ration of rubber articles include the
’on%:(ilns. subject to any limitations pre-
ord 4

(1) Bubstances generally recognized as
afe for use in food or food packaging.

(2) 8Bubstances used in accordance
Mth the provisions of a prior sanction
) approval,

(3) Substances that by regulation in
this Part 121 may be safely used in rube
ber articles, subject to the provisions of
wuch regulation.

(4) Substances identified In this sub-
paragraph, provided that any substance
that is the subject of a regulation in this
Subpart F conforms with any specifica-
ton in such regulation.

(1) Elastomers.

Acrylonitrile-butadiene copolymer,

Butadlene-acrylonltrlw-othylene glycol dle
methacrylate copolymers containing not
more than 6 welght percent of polymer
units derived from ethylene glyool di-
methacrylate,

Butadlene-mcryiomtrue-metham-yuo aold
eopolymer,

Butadiene-styrene-methacrylic acld eo-
polymer,

Chloroprene polymers.

Chlorotrmuoroethylenn-vlnyudene fluortde
copolymer,

Ethylene-propylene copolymer elastomers
which may contain not more than &
Wwelght-percent of total polymer units de-
rived from S-methylene-2-norbornene
and/or §-ethylidine-2-norbornene.

Bthylcne-propylene~d.1cyclopentad1¢ne CO~
polymer,

Ethylene-propy!eno-l,4-hexadiene copoly-
mers containing no more than 8 welght
bereent of total polymer units derived
from 14-hexadiens.

Lsobutylene-tsoprene copolymer.

Polybutadiene, ‘
Olylsoprene,
olyurethane resins derived from reactions
of diphenylmethane ditsocyanate with
adipic acid and 1,4-butanediol.
ubber, natural, .

8ilicone baste polymers as described in

ASTM D-1418-817:

Slicone (SI) elastomers containing
methyl groups.

Stlicone (Pst) elastomers containing
methy! and phenyl groups,

Silicone (Vai) elastomers containing
methyl and vinyl groups,

Sllicone (Fat) elastomers containing
methyl and fluorine groups.

Silicone (PVsl) elastomers con
Phenyl, methyl, and vinyl groupas.

Styrene-butadiene copolymer.
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Vinylidene ﬂuorlde—hexmuoropropylene [
polymers (minimum numbesr average
molecular weight 70,000 es determined by
osmotic pressure in methyl ethyl ketone),

Vinylidene fuoride - hexaflucropropylens
tetrafluoroethylene copolymers (minie
mumn number average molecular welght
100,000 as determined by osmotic pres-
sure in methyl ethy! ketone), .

A1) Vuleanization materials—(a) Vul-

canizing agents.

4.4'-Bis (aminocyclohexy?) methans carba-
mate for use only ag cross-lnking agent
in the vuleanization of vinylidene fluo-
ridehexafiuoropropylene copoylmyer and
vinyildene ﬂuoride-hexaﬂuoropropyleno-

i tetraﬂuoroethylene copolymer elastomers
identifled under subdivision (i) of this
subparagraph and limited to use at levels
not to exceed 2.4 percent by weight of
#ich copolymers. '

Hexamethylenediemine carbamate for use

only as eross-iinking agent in the vul.
canization of vinylidene fluortde-hexg-
flucropropylens copolymer.‘and vinyl-
dene ﬂuorlde-hcxaﬂuoropronz)::ne-tetxa-
fvorosthylene copolyfer elastOmers Idone
tifled under subdivision (1) of this sub-
paragraph and lmited to use st levels
not to exceed 1.6 percent by weight of
such copolymers,
Sultur, ground.

(b)) Accelerators (total not to exéeed

1.5 percent by weight of rubber product).

2-Benzothiagyl - N,N-d!ethylthlocarhlmyl-
suifide,

Benzoyl peroxide.

18-B( 2-bmzoth1nzolyl.mareo.9tomﬂhyl)
urea.

N-tert-Butyl-2-benzothiazole sulfenamide.

Butyraldehyde-aniiine resin (jodine num.-
ber 870-705).

Corbon  disulfnde-1,1’- methylenedipiperi-
dine reaction product.

Copper dimethyldithiocarbamnte.

N-Cyclohexyl-2-benzothiazole sulfenamide.

Dibenzoyl-p-quinone dioxims,

Dibenzylamine,

Di-tert-butyl peroxide.

Dibutyl xanthogen disulfide,

2.4-Dichlorobenzoyl peroxide.

Dicumyl peroxide,

N,N-Dlmethylcyclohexylam.tne aalt of dibu.
tyldithiocarbamie acid.

2,6-Dimethylmorpholine thiobenzothiazol,

Dipentamethylenethjuram tetrasulfide.

Dlphenylguanidine.

Diphenylguanidine phthalate.

13-Diphenyl-2-thiourea.

2,2‘-D1chiobls(benzouuazolo).

4,4’-Dithiodimorpholine,

N.N‘-Di-o-toly!gumidlne.

Di-o-tolylguanidine salt of pyrocatechol
borate,

Bthylenediamine carbamate.

Heptaldehyde-aniline resin (lodine number
430-445),
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Hexamethylenetetramine,

2-Mercaptobenzothiazole.

2-Mergaptolmidasoline.,

23-Mercaptothiazoline.

H-Oxydiethylene - benzothiazole-3-sulfen.
amide,

Piperidinfum pentamethylenedithiocarba.
mate.

Potassium pentamethylenedithiocar-
bamente.

p-Quinone dioxime.

8odium dibutyldithiocarbamate.

Bodium dimethyldithiocarbamate.
Btannous oleate for use only as an apceler-
ator for silicone elastomers.
Tetrabutylthiuram monosulfide.

Tetrasthylthiuram disuifide.

(1, 1, 4, 4-Tetramethyltetramethylene) bis
[tert-butyl peroxide].

Tetramethyithiuram monosulfide.

Thiram (tetremethylthiuram disulfide).

Triallyl cyanurate.

Triethylenotetramine.

13,6-Tristhyl-hexehydro-s-triaxine  (tri-
ethylirimethylenetriamine).

Triphenylgusnidine,

Zine butyl xanathate,

Zine dibenzyl dithtocarbamate.

Zino dibutyldithiocarbamate.

Zine diethyldithiocarbamate.

Zine 2-mercaptobenzothiszole,

Ziram (zinc dimethyldithiccarbamate).

(e) Retarders (total not to exceed 10

percent by weight of rubber product).

Cyanoguantdine.
Phthallc knhydride.
Balicylic acid.

(d) Activators (total not to exceed 5

Title 21-—Food and Drugs

Diaryl-p-phenylenediamine, where the uy,
group may be phenyil, toly}, or xyly),

2,6-Di-tert-butyl-p-phenylphenol.

1.2-Dihydro-2,2,4 - trimethyl - 8 « dodecn
quinoline. )

1,2-Dihydro-2,24 - trimethyl - 0 - ethory,
quinoline.

1.3-Dihydro-2,2,4-trimethyl = 6 . Phegy,
quinoline,

4.4'-Dimethoxydiphenylamine.

4,6-Dinonyl-o-cresol,

N N!-Dicctyl-p-phenylenediamine,

Diphenylamine-acetone resin.

Diphenylamine - acetone - tormaldehm
resin.

N N’-Diphenylethylenediamine.

N N’-Disalicylalpropylenediam!ne.

NN'.Di-o-tolylethylenediamine.

Hydroquinone monobenzyl ether,

Isopropoxydiphenylamine,

¥ - Isopropyl- N'- phenyl- p-phenylonsqy, §
mine

3.2 - Methylenebis(6 - tert - butyl-t-etny,
phenol).

2,2° - Methylenebls(4 « methyl « 6 « oyt '

butylphenol).
2.2°-Methylenebis(4-methyl - @ - ROnRYiphe.
nol).

42 - Methylenebis(4 - metbyl - 6 - tert. B

octylphenel).
Monooctyl- and dioctyldiphenylamine.
NN’-Dl-B-naph thyl-p-phenylenediaming
Phenyl-a-naphthylamine.
Phenyl-g-naphthylamine.

Phenyl-g-naphthylamine-scetons aromay, £
amine resin (average molecular welght

600 nitrogen content 8.3 percent),

o- and p-Phenylphenol.

Polybutylated (mixture) 4,4’-150propy.
idenedipheno!l,

01!

Bodium pentachlorophenatas.

Btyrenated cresols produced when 2 mole
of styrene are made to react with 1 moy
of a mixture of phenol and o-, e, and p.

percent by weight of rubber product ex-
cept magnesium ozide may be used at
higher levels).

“

e

Magnesium oxide, light and heavy,

Olefe acid, dibutylamine salt (dibutylam-
moniuin oleate).

8tannous chloride,

Tall oll fatty ucids

Tetrachloro-p-benzoguinone.

Trietharolamire.

Zine salts of fatty acids,

(1) Antioridants and antiozomants

{total not to exceed 5 percent by weight
of rubber product),

Aldol-a-naphthylamine.

Alkylated (C, and/or C,) phenols.

BHT (butylated hydroxytoluene) .

Butylated, styrenated cresols identified In
§ 121.2566(b).

Q,A’uButylidinebls(e-tert-bum-m-creml) .

N-Cyclohexyl-N’'-phenylphenylenediamine.

p.p’-Diaminod!phenyimethane.

2.6-Di-tert-smylhydroquinone.

558

cresols &0 that the final product hes s §§

Dlethylamine.

Patty acid amines, mixed. Brookfield viscosity at 25° O. of 1400 to
. Fatty acids. 1700 certipoises,
- Magmestuin carbonate. 8tyrenated phenol.

4,4'-Thiobis (8-tert-butyl-m-creeol).

Toluene-2 4-dlamine.

N-0-Tolyl-N’-phenyl-p-phenylensdiaming

p(p-Tolylsulfanilamide) diphenylamine,

Tri{mixed moro- and dinonylphenyh)
phosphite.

Tri(nonylphenyl) phosphite~formaldehyce
resins produced when 1 mole of tri{non.
yiphenyl) phosphite is made to reect
with 1.4 moles of formaldehyde or pro-
duced when 1 mele of nonyiphenol i
made to react with 0.36 mole of formai-
dehyde and the reaction product is then
further reacted with 0.33 mole of phos.
phorus trichloride. The finished resins
have a minimum viscostty of 20,600 cen-
tipoises at 25° C., as determined by LV
series Brookfleld viscometer (or equiva-
lent) using a No. 4 spindile at 12 r.p.no,
and have an organic phosphorus content
of 4.05 to 4.16 percent by weight.
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(8) Determination of ultraviolet-ab-
sorbing extractives, ) A distilled water
solutlon containing 1.0 part per million
of p-methoxyphenol (melting point 54°
C~56° C. Eastman grade or equivalent)
shall be scanned {n the region 360 to 220
my in S-centimeter silica spectropho~
tometric absorption cells versus a dig-
tilled water reference. The absorbange
at the wavelength of maximum absorh-
ance (should be about 285 mu) is about

0.11
Average of duplicate p-methoxyphenoi ab-

sorbance determinations according to -

this subdivision (i) of this subpara-
graph.

0.11 but must be not less than 0.08 noy
more than 0.14. This test shall be rug
in duplicate. For the purpose of ascer.
taining compliance with the Hmitatiop,
prescribed in paragraph (b) (3) and 4y
of this section, the absorbance obtalngg
on the extracts according to subdivisj, %
ti) of this subparagraph shall be muly;.
plied by a correction factor, calenlatey
as follows:

=Qorrection factor for ultraviolet absorbers test

(i) An aliquot of the extract that has
been exposed under the conditions spec=
ifled in subparagraph (§) of this para-
greph I8 scanned in the wavelength re-
glon 360 to 220 mu versus the appropri-
ate solvent reference in matched 5-centie
meter silica spectrophotometrie absorp-
tion cells. The height of any absorption
peak shall be measured, corrected for
the blank as determined in subpara-
graph (4) (i) of this paragraph, and
multiplied by the correction factor de-
termined according to subdivisfon (i) of
this subparagraph.

(d) In accordance with good manu-
facturing practice, finished semirigid
and rigid acrylic and modified acrylic
plastics intended for repeated use in
contact with food shall be thoroughly
cleansed prior to their first use in con-
tact with food.

/30 F.R. 15845, Dec. 23, 1085, as amended at
N PR. 5292, Mar, 18, 1969; 3¢ FR. 18384,
Nov. 18, 19691

§ 121.2592 Rosins and rosin derivatives.

The rosins and rosin derivatives iden-
Ufled in paragraph (a) of this section
may safely be used In the manufacture
of articles or components of articles in-
tended for use in producing, manufac-
turing, packing, processing, preparing
treating, packaging, transporting, or
holding food, subject to the provistons
of this section.

(a) The rosins and rosin derivatives
are identified as follows:

(1) Rosins:

(1) Gum rosin, refined to color grade
of X or paler.

(1) Wood rosin, refined to color grade
of K or paler.

(i) Tall ol rosin, refined to color
grade of K or paler.

(1v) Dark tall oll rosin, a fraction re.
sulting from the refining of tall oi] rostn
produced by multicolumnar distillatipy
of crude tall oil to effect removal of fatty
aclds and pitch components end havi
& saponification number of from 110-13;
and 32 percent-44 percent rosin acids,

(v) Dark wood rosin, all or part of the
residue after the volatile terpene olls are
distilled from the oleoresin extracted
from pine wood.

(2) Modifled rosins manufactured
from rosins identified In subparagraph
(1) of this paragraph:

A) Partially hydrogenated rosin, cat.
alytically hydrogenated to a maximum
refractive index of 1.5012 at 100* C., and
& color of WG or paler. -

(11> Fully hydrogenated rosin, catalyt.
fcally hydrogenated to g meaximum de.
hydroabietic acld content of 2 percent, g
minimum drop-softening point of 9 C.,
and a color of X or paler.

i) Partially dimerized rosin, di.
merized by sulfurlc acld catalyst to a
drop-softening point of 95° C.-~105° ¢,
and a color of WG or paler.

av) Fully dimerized rosin, dimerized
by sulfuric acid calalyst, and from which
sufficient nondimerized rosin has been
removed by distillation to achieve a mini-
mum drop-softening point of 143° c.,
and a color of H or paler,

(v) Disproportionated rosin, catalvti-
cally disproportionated to a minimum
dehydroabietic acid content of 35 per-
cent, & maximum abletie acid content of
1 percent, a maximum content of sub-
stituted pheranthrenes (as retene) of
0.25 percent, and a color of WG or paler.

(3) Rosin esters manufactured from
rosins and modified rosins identified In
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subparagraphs (1) and (2) of this par-
agraph: -

(1) Glycerol ester of wood rosin puri-
fled by steam stripping to have an acid
number of 3 to 9, a drop-softening point
of 88° C-86° C., and a color of N or
paler.

(1) Glycerol ester of partially hydro-
genated wood rosin, having an acid nume
ber 0f 3 to 10, a drop-softening point of
79* C.~88° C., and a color of N or paler.

(i) Glycerol ester of paltially di-
merized rosin, having an acid humber of
3 to 8, a drop-softening point ¢f 109° C~
119° C., and a color of M or paler.

({v) Glycerol ester of fully dimerized
rosin, having an acid number of 5 to 16,
a drop-softening point of 165° €.-175° C.,
and a color of H or paler.

(v} Glycerol ester of maleic anhydride-
modified wood rosin, having an acid
number of 30 to 40, a drop-softening
point of 138° C.-146° C., a color of M or
paler, and a saponification number less
than 280.

(vl) Methyl ester of rosin, partially
hydrogenated, purified by steam strip-
Ping to have an acid number of 4 to 8,
a8 refractive index of 1.5170 to 1.5205 at
20° C,, and a viscosity of 23 to 66 polses
at23° C.

(vil) Pentaerythritol ester of wood
tosin, having an acid number of 6 to 186,
& drop-softening point of 109* a.-118°C,,
and a color of M or paler.

(vill) Pentaerythritol ester of par-
tlally: hydrogenated wood rosin, having
an acid number of 7 to 18, a drop-
softening point of 102° C.-110* C., and
4 color of X or paler.

(ix} Pentaerythritol ester of malelc
inhydride-modified wood rosin, having
&n aeid number of 8 to 16, a drop-
Softening point of 154° C.-162° C., a
tolor of M or paler, and having a saponi-
dcation number less than 280.

(x) Pentaerythritol ester of malelc
ithydride-modified wood rosin, having
a acid number of 9 to 16, a drop-
“ftening point of 130° C.~140* C., a color
“I'N or paler, and having a saponification
"umber less than 280,

'x{) Pentaerythritol ester of maleic
“hydride-modified wood rosln, having
M acid number of 134 to 145, a drop-
“flening point of 127° C.-137° C., & color
‘' Mor paler, and having a saponification
Wmber less than 280.

xli) Pentaerythritol ester of malelc
“ihydride-modified wood rosin, having

Chapter I—Food and Drug Administration
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an acid number of 30 to 40, a drop-
softening point of 131° C.~137° C., & color
of N or paler, and having a saponification
number less than 280.

(xi1i) Pentaerythritol ester of malele
anhydride-modified wood rosin, further
modified by reaction with 4,4'-isopropyl-

-1denediphenol-formaldehyde condensate,

having an sacid number of 10 to 22,
a drop-softening point of 162° C.~172° C.,
& color of K or paler, a saponification
number less than 280, and a2 maximum
ultraviolet absorbance of 0.14 at 296 mu
(using a l-centimeter cell and 200 milli-
grams of the rosin ester per liter of sol-
vent consisting of ethyl alcohol made
alkaline by addition of 0.1 percent of
potassium hydroxide).

(x{v) Mixed methyl and pentaerythri-
tol ester of malelc anhydride-modified
wood rosin, having an acid number of 73
to 83, a drop-softening point of 113° C~
123° C., a color of M or paler, and a
saponification number less than 280.

(xv) Triethylene glycol ester dbf par-
tially hydrogenated wood rosin, having
an acid number of 2 to 10, a color of K
or paler, and a viscosity of 350 to 425
seconds Saybolt at 100° ¢,

(xvi) QGlycerol ester of maleic anhy-
dride-modified wood rosin, having an
acid number of 17 to 23. a drop-soften-
ing point of 136° C.-i40° C., a color of
M or paler, and & saponification num-
ber less than 280. For use.only in cello-
phane complying with § 191.2507.

(avil) Citric acid-modified glycerol
ester of rosin, having an actd number less
than 20, a drop-softening point of 105°
C.-115° C., and a color of K or paler.
For use only as a blending agent In coat-
ings for cellophane complying with
$ 121.2507.

(xvili) Glycerol ester of tall ol rosin,
purified by steam stripping to have an
acld number of 5-12, a softening point
of 80° C.~88° C., and a color of N or paler.

(xix) Glycerol ester of maleic anhy-
dride-modified tall oil rosin, having an
acid number of 30 to 40, a drop-softening
point of 141° C.~146° C., a color of N or
paler, and a saponification number less
than 280,

(xx) Glycerol ester of disproportion-
ated tall ol rosin, having an acid number
of 5 to 10, a drop-softening point of 84°
C.~93° C., a color of WG or paler, and a
saponification number less than 180.

(4) Rosin salts and sizes—Ammonium,
calclum, potassium, sodium, or zinc salts
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of rosin manufactured by the partial or
complete saponification of any one of
the rosins or modified rosins identified
in subparagraphs (1) and (2) of this
paragraph, or blends thereof, and with
or without modification by reaction with
one or more of the following:

(i) Formaldehyde.

(1) Fumaric aeid.

(1i1) Maleic anhydride.

(v) Saligenin.

(b) The quantity used shall not ex-.
ceed the amount reasonably required to
accomplish the intended technical effect.

(¢) The use in any substance or arti-
cle that Is the subject of a regulation in

this Subpart F shall conform with any.

specifications and limitations prescribed
by such regulation for the finished form
of the substance or article.

(d) The provisions of this section are
not applicable to rosins and rosin de-
rivatives identified in §121.2514(b)
(3) (v) and used in resinous and polye
meri¢ coatings complying with
§ 121.2514.

(e) The provisions of this section are
not applicable to rosins and rosin de-
rivatives {dentified in § 121.2520(c) (5)
and used in defoaming agents comply-
ing with § 121.2519, food-packaging ad-
hesives complying with § 121.2520, and
rubber articles complying with
§ 121.2562.

(f) The analytical methods for deter-
mining whether rosins and rosin deriva-
tives conform to the specifications

. preserlbed in paragraph (a) of this

section are as follows:

(1) Color: Color shall be determined
by ASTM Method D 509-55.

(2) Refractive index: Refractive In-
dex shall be determined by ASTM
Method D 1747-62.

(3) Acld number: Acid number shall
be determined by ASTM Methoed D
465~59.

(4) Viscosity: Viscosity in poises shall
be determined by ASTM Method D
1824-66 and in Saybolt seconds by ASTM
Method D 88-56.

(5) Softening point: Softening point
shall be determined by ASTM Method B
28-67.

(6) Analytical methods for determin-
ing drop-softening point, saponification
number, and any other specification not
lsted under subparagraphs (1) through
(5) of this paragraph are available upon

request from the Commissioner of Fo,,_
and Drugs.

130 F.R. 15845, Dec. 23, 1965, as amended gy
81 F.R. 11719, Sept. 1966; 33 F.R. 412, Jay
14, 1967; 32 F.R. 10508, July 18, 1967; 33 KR’
7685, May 24, 1068; 34 F.R. 20428, Dec, 3]
1969; 36 F.R. 23291, Dec. 8, 1971} '

§ 121.2593  Polyvinylidene fluoride ..

ins, .

Polyvinylidene fluoride resins may by
safely used as articles or components of
articles intended for repeated use n
contact with food, In accordance w;th
the following prescribed conditions:

(a) For the purpose of this section, the
palyvinylidene fluoride resins consist of
basic resins produced by the polymerizs.
tion of vinylidene fluoride.

(b) The finished food-contact article,
when extracted at reflux temperatures
for 2 hours with the solvents distilleq
water, 50 percent (by volume) ethyl alco.
hol fn distilled water, and n-heptane,
ylelds total extractives in each extract.
ing solvent not to exceed 0.01 milligram
per square inch of food-contact surface
tested; and if the finished food-contact
article is itself the subject of a regulation
in this Subpart F it shall also comply
with any specifications and limitations
prescribed for it by that regulation,
(Note: In testing the finished food.
contact article, use a separate test sam.
ple for each required extracting solvent.)

(¢) In accordance with good manu
facturing practice, finished food-contact
articles containing the polyvinylidens
fluoride resins shall be thoroughly
cleansed prior to their first use in contact
with food.

§121.2594 Odorless light petroleum
hydrocarbons.

Odorless light petroleum hydrocarbons
may be safely used, as a component of
nonfood articles intended for use in con-
tact with food, in sccordance with the
following prescrihed conditions:

(a) The additive is a mixture of liquid
hydrocarbons derived from petroleum or
synthesized from petroleum gases. The
additive is chiefly paraffinic, 1soparaffinte,
or naphthenic in nature,

(b) The additive meets the following
specifications:

(1) Odor Is faint and not kerosenic.

(2) Initial bolling point is 300° P,
minimum.

(3) Final boillng point is 850° F.
maximum.
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Ml bear the nume ox the midim'e.
wrrageenan, ...

$121.1067 - Saltsof carrageennn.

- The food additive salts of carrageenan

may be safely uaed in food in accordance
with the following preceribed conditions:

(a) 'The food adadilwve consista of car-
"agecnun, meeting the provislons of
11211068, moditlad by increasing. tho
yiggentration of one of the naturoily
weurring  salts  (ammoniwm, caletwm,
»Rugslura, or eodhum)d of currageenan
¢ the level that 1t 18 the dominant sult
nthe additive,

(b) The food additive 1s used or ine’

tended for use In the amount necessary
Isr an emulsifler, stabilizer, or thickenor
1 foods, cxcept fur those standardized
‘nods that do.not provide for sugh nse. .

He) To acsure safe use of the ndditive,
the Jabel and Inboling of the addltive

thall bear the nime of the sall of carrny

teenan that dorlnutes the mnixturo by
reazoll of Lhe maditication, e.n. “sodium
rarragecnan,” -“polassium carrageenan,”

i tte,

$ 1211068 Furcelleenn.

i The food additive furcelleran may be
wmfely used In food In accordance with.

the followitie preseribed conditions:

tar The food additive is the refined
hydrocolloid prepared hy aqueous co-
traction of furcellorin fastipiata of the
dass Rodophyecue (red seawend),

(b)Y The food additive conforms 16 the
following:

(1) It 18 a sulfated polysaccharide the
dominant hexcse units of which are a-
tetose and anhydrognlactose,

(2) Range of sulfute content! 8 per-
tent to 19 pereent, on o dry-welght basis.

(¢) The food ad:ditive 1a used or in«
lendded for use In the amount necessary
for un emulstfier, stabllizer, or thickener
in foods, except for those standardized
feds that do not provide for such uso.

Ad) To assuro safe yse of the naditive,
thu Iabel and labeling of the additive

hal bear the name of the additive, fure -

Mk-mn

11211069 bnlls of furcollenm.

The food additive salts of furcelleran
may be safely used in food in accordance
¥ith the following prescribed conditions:

‘8> The food additive consists of fur-
telleran, meeting the provisions of
£121.1068, modified by increasing the
tneentration of one of the naturally
weurring salts (ammonium, calcium,

8 151.'1656*" i

potasamm, or sodium). of furcellersn- to %

the Jevel that 1t {5 the dmmnant salt Snr
+the additive. :

(b) The food additive is used or m

iended for use in the amount necessary-
for nu emulsifier, stabiYizer, or thickener

in foods, cxeept for those standardized

foods that do not provide for such uge,

(g) To assurc safe use of the additive,

the inbal and labeling of the additive .

shall bear the name of the salt of fure

celleran that dowminates the mixture by - .

reason of the moditieation, en. "sodium
fun,cllomn » "po(asstum furcellem
ctcl .

§ 1211070 . YFatiy. nu(!n. RGN ‘
'lho food additive fatty acids mav be -

safely used In food and in the manutac~

ture of food components 1 accordance

with the followlig presoribed conditions:

(n) The food additive conslsts of oue -

or any wtxiure of the foltowing stralght=-

chrin monobnsic carboxylic acids and -

their asseciated fatty noids inanufae-

tured {rom futs and oily derived from -

edibie gourcess Caprie acid, mpr.\'lic acid,
laurie acid, myristie acid, oleic. acid,
palmitle oecid, and stearic scid,

() Tha food additive meets the fol

lowing spectfications:
(1) Unsaponiflable matier doc; not

.exeeed 2 pereent.
(2) It is frea of obick-edema fattor:

1) As cvidenced during the blonssay
method for determining tha cehteke

edema factor as prescribed in paragraph

(0) (2) of thisscetion; or

(1) As cvidenced by the abaence otv

chromatographic pesks with a retention
tiwe relative to aldrin (RA) between 10

- and 26, using the ras chromatopraphtcs -

elestron capture method prescribed in
paragranh 1¢) (3) of this seeiion, If chiv-
matographlie peaks are found with RA
values between 10 und 26, the food addi-
tive shall meet the requirements of the
bloassay method preseribed in paragraph
(¢ (2) of this section for determmlng
chick-edema factor.

(¢) For the purposes of this section-

(1) Unsaponifiabte raatter shall be de- .
torinined by the method described in the
mast recent edition of “Oflicial Methods
of Analysis of the Assoclation of Official
Agricultural Chemists.”
- (2) Chick-edema factor shall be de~

termined by the bloassay method .

deseribed In Official Methods of Analysls
of the Assoclation of Official Agricule

turn! Chemists, 10th Edislon (1965). ‘

gectiona 26.087 through 26.091.
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{3) - The gas chromatographic-electyon
capture method for testine fatty asids
for chick-cdema shall be the method de~
scribed fn the “Journal of the Assgeln-
ton. of Official Analytlen Cicuists,”
Volume &0 (No. 1y, pages  216--218

(1967, or the modified method using g

sulfurie acld ¢lean-up procedire, as dee
scribed in the “Journal of the Associae
Hon of Official Analvtiew Cliemists,”
Volume 51 (No. 3), pares 489490 (19683 .
(d) 1t i3 used or intended for use as
follows:
(1Y Infoodsusa lubri~ant, binacr, and

good manufacturing practiee.

(3} As a component in the manufac~
ture of other food-grade additives,

(e} To ussure safe use of the additive,
the Iabel and labeling of the additive
and any premix thereof shall hear, in
addition to the other information re-
qQuired by the act, the tollowing:

(1) The common or usua] name of
the acid or actds contnlned therein,

"(2) The words “food grade,” In
Juxtaposition with and equally as prome-
inent as the name of the acld, :

[$0 PR, 18345, Dee. 23, 1685, na amanded at
81 PR, 11116, Aug. 25, 104a: 83 PR 11433,
Aug. 8, 1087; 83 F.R. 8016, June 10, 1668}

§ 1211071 © Sulis of fatty acids,

The food additive salts of fatty aolds
may be safely used in food and In the

" manufacture of food components in ac-

cordance with the following prescribed
conditions: : -

(a) The addittve consists of one or
any mixture of two or more of the
aluminumn,. calclum, magnesium, potas-

sium, and sodinm salts of the futty actds.
-, conforming to § 131.1076.

(Y The food additive 1a vsed or in-~
tended for use as a binder, emulsider,
and antieaking ngent in food in accorde
ance with good manufacturing practice,

(6} To assure safe use of the addiiive,
the label! and labeliny of the addltive

- 88 & defoaming ngent 1n accordance with -

and any premix thercof shall bear, o

additlon to the other information .re
Quired by the act, the following:

(1) The sommon o usunl name'o!"

the fatty acid salt or salts contained
therein, N
2} The words “food grade,” in juxta.

bostilon with and equally as prominent

- s the nama of the salt, _

§ 1211072  Hydrogen cyanide,
‘The food additive’ hydrogen cyanide

- may be present as a residue in certain

< ¥
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processed foods In accordance with th
following pre:eribed conditions: - - .
(a) The food odditive is present ag &
result of 1ts use nv a fwnigant, ;
(b) The residues of hydrogen eyanide
shall not exceed the fullowing levels;
(1) 128 parts per milllon in cereal
flours, ‘ -
{2) 80 parts per willion iu cercals that

- are couked before being cateq. .

(32 00 parts per m!llton In uncooked
ham, bacon, and auusage, S

(4) 200 parts per miion in- eocoa.

(¢) Where tolorances are establizhed
under both sections 404 and 409 of the
act on the raw aarlienitural comuodity
and on the processed food, resuectively,
the total residues of hydrogen cyanide in
ot on the proressed food shali nst Le
greater than that desiynated in para-
graph (b) of this seetion,

(d) To suzure snfe yse nf the additive,
the label and Jabeltng of the peaticide
formulation contalung the food addi-
tive shiall contorn to the label and
Iabeling reglatered by the United States
Depariaent of Agrieuiiure. .

§121.1073  Poramivin iodide.

" The food additive potasstum fodide
muy be sately wied In accordance with
the following prescaibed conditions:

() The food additive 15 used as g
source of lodine In foods for eneciil
dictary use, when the food s marketed
under labeling which provides that the
maximum dally Intake of the additive
dees not excred 0,15 milligram of iodine,

th) To gssure anfe use of the additive,
in nddition to the other information re«
quired by the act, the label ot the addi.
tive shall beur:

1) The numo of the additive, .

(D) A statement of the coneentration
of the additivy in any mixture, -

§.121.1074  Pigeronyl butoaide. '

'The fond naditive piperonyl butoxids
may bo safely used in acenrdance with

-the following prescribed colditions:

() It 18 used or Intended for us¢ in
combination with pyrethrins for ¢ontrof
of {ngecty; . .

(1) In coreal grain mills and in storage
nreas for milled eereal grajn produets,
whereby the smount of plperonyl by-
toxide 1u at leasl equal to but not more
than 10 times the amount of pyrathring

Incthe rormulation.

(2} On the owter ply of multiwall naper
bays of 30 pounds or more canacity in
amounty not exceeding 60 mllua':um per

ma o . 1 v . '..
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The Fatty Acids of Tall Oil and Their Ethyl
and Glyceryl Esters as Fodder Ingredients

III. The Ethyl Esters in the Feeding of Hens?

By VeEw0 ANTILA, RA1JA OITTILA, ORVO RING,
Mavurt UoTira and MATTI ANTILA
Institute of Dairy Science, University of Helsinki, Pihlajamiiki;” Agricultural Research

Centre, Institute of Animal Husbandry, Tikkurila; and Scheol for Poultrymen,
Himeenlinna, Finland

In previous papers the chemical and physical properties of the fattv
acids of tall oil and of their derivatives (Antila ef al., 1962) and the
use of ethyl esters of the fatty acids of tall oil in the feeding of milk
caltle (Antila et al., 1963a, 1963b) have been treated. The studies in
question revealed that ethyl esters of the fatty acids of tall oil can be
used as animal fodder in the {ecding of dairy caitle and that the use of
this kind of additional feed has a favourable eflect in particular an

the properties of the milk fat.
It can be seen from the literature review compiled by Suhonen and

Antila (1962), dealing with the fat content of the fodder in poulfry

feeding, that the use of small fat quantities is generally considere!
advanlageous as a means of increasing the concentration of the fodder
substances. For this reason, comparison tesls with animals were undur-
taken, aiming at clarification of the possibilitics of using ethyl ester «!
the fatty acids of tall oil as supplementary rations for hens.

Material and methods

The ethyl ester of the fatty acids of tall oil was prepared by th

method presented by Antila ef al. (1962) and admixed with the dn

! This study was subsidized by a grant from the Finnish Natural Resources Resear®
Foundation.
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feed. The basic fodder was the so-called dry egg production feed
mixture having the following composition (in per cent):

maize meal feed 25.0
wheat meal feed 17.0
oat meal feed 7.0
barley mecal feed 8.5
wheat bran 8.0
herring meal 11.0
coarse soy-bean meal 9.0
coarse linseed meal

molasses

sunflower seed meal
fodder ycast ’
grass meal 14.5
vitamin mixture
ground limestone for feeding .
coarse bone meal
salt mixture
100.0

The vitamin mixture included vitamin A, D, By, By, and E and
pantothenic acid. )

The salt mixture contained, in addition to sodjum chloride (94.7 %),
.ma.nganosu!phate, iron sulphate, copper sulphate and potassium
iodide. :

The basic feed contains 20 % crude protein and 3 % crude fat extract-
able with cther. In addition to the dry feed, the hens were given a
grain. mixture with one-half oats and one-half barley. The crude
protein content of the grain mixture varied between 10 and 12 9% and
is ether-extractable erude fat, between 3.3 and 3.6 %. The hens were
of white Leghorn breed.

In the present investigation the following methods of analysis were
used. The fat determination of eggs was made according to AQAC
'a‘nd that of the iodine number according to Hanus (Kaulmann 1938).
H.m lipids were extracted from the egg volks with ether-petrol ether
mixture (1:1). The fats were methylated for the analyses by gas
Ch(rnmatf;‘gr:q)hy in the manner presented by Kirkkiiinen and Antila
Fekin i o o e s b 1 1 work v &

. ' > 2 S S columns. The lemperature
“as raised during the run from 150 to 210°C at the rate ol 6.25 degrees
per minute, ;

a
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18 VEIJO ANTILA ET AL.

Arrangement of the tests

Three sets of feeding tests were carried out. The first, second any
third feeding test took place during the periods May to July 142
December 1962 to May 1963 and February to April 1964, respectively,

In all three tests the hens were divided into three groups, each of
which was given the same basic feed, namely, the dry egg-producting
feed mixture. To the first group, No. 1, this feed mixture was admin-
istered as such, while to the mixture given to the hens in groups
No. 2 and 3 ethyl esters of the fatty acids of tall oil had been added ay
3% and 10 %, respectively. The hens were allowed to eat of the dry
feed mixture ad lib, and the consumed quantities were ascertained Ly
weighing. In addilion to the dry feed mixture, 60 g of the grain mixture
were given per day and hen. All tests were carried out in the poultry
house of the School for Poultrymen in Himeenlinna. The eggs needed
for analysis were taken at random from the output of eaclh test group,

Results

The results recorded in the first fecding test have been shown in
Table 1. The grain ration, 60 g per day, was consumed completely by
the hens, whereas the consumption of dry feed mixture varied in the
different groups. It was highest in the control group, while in the
other groups the addition of esters impaired the hens’ appetite. Because
the consumption of dry fced mixture varied in the manner evident
from the table, the ester content of the total feed ration was also com-
puted. It was found to have varied between 2.3 and 2.6 % in group
No. 2, averaging 2.4 %, and between 4.3 and 4.89 in group No. 4.
with the average of 4.6 %. The smaller addition in group No. 2 seemed
lo increase the egg produclion, whereas the higher addition in group
No. 3 continuously lowered it.

As the first test scemed to indicate that a small addition of esters of
the falty acids of tall oil has a boosting effect on egg production, another
test of longer duration was undertaken. Its resulls can he seen in
Table 2. Fairly equal amounts of the dry feed mixture were consumed
by the hens of the control group and of the group in which the smaller
ester quantity (on the average 2.79% of the total feed ration) was
administered, but the individuals in the group with higher ester dosage
(on the average 4.1 %) ingested about one-third less than the other two

-
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TaBLE 1. Feeding test, May to July 1962,

Ethyl ester
in the total

Average Egg  Dry feed feed ration
number  produc- mixture Grains Totlal ————
Month of hens  tion (%) g I g g o
Group No. 1 v 27.0 63.5
(Controls) v 27.0 64.1 81 60 141
VI 25.5 614 71 60 131
Vi 23.8 62.8 69 60 129
Group No. 2 v 52.0 61.0
59, ethyl ester v 51.4 54.8 50 60 110 2.5 2.3
in the dry feced VI 46.7 55.0 54 60 114 2.7 2.4
mixture VII 45.8 59.9 62 60 122 3.1 2.6
Group No. 3 v 64.0 59.7
10 ¢, ethyl ester AY 63.5 55.6 55 60 115 3.5 4.8
in the dry feed V1 56.0 52.7 45 60 105 4.5 4.3
mixture Vil 52.9 50.6 50 60 110 5.0 4.5

groups. The egg production percentage of all groups shows a decline in
January. During February an increase in groups No. 1 and 2 is observed
but that of group No. 3 is seen to decrease. Subsequently, the deerease
continued in all groups. During the entire tesl period, the egg production
percentage decreased by 5 9% in the control group and by 15-16 9, in
the other two. The test thus revealed that also a smaller ester addition
lowers the egg production over longer periods.

Since the feeding may also affect the fertilization of the cggs and the
result of hatching, two hatching tests were carried outl with eggs derived
from the difTerent test groups. Their resulls are scen in Table 3.

The results of both hatchings are mutually well consistent and the
pereentages are good. The [fertilization and halching percentage are
both slightly better in the control group than in the groups with ester
administration.

The purpose of the third feeding test was, in the first place, to corrob-
orale the results relating to the composition of the eggs. In this test
the egg production was equal in magnitude as in the preceding tests,
as was also the consumption of {eeds. The feed ration contained on
the average ethyl ester at 2.6 and 4.7 %, respeetively. In the control
group the highest consumption of dry feed mixture was noted; the
consumplion was Jowest in the group with the higher ester dosage.
The results of the test have been compiled in Table 4.

vio
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TaBLE 2. Feeding test, December 1962 to May 1963.

—
Ethyl ester
in the tots

Average Egg Dry feed feed ratiuy
number produc- mixture Grains Total —
Month of hens  tion (%) £ g g g .
Group No. 1 X 36.7 72.7 80 . 60 140
{Controls) 1 36.0 68.1 53 60 113
11 354 73.1 59 60 119
11X 349 68.0 47 60 107
v 334 66.4 52 60 112
v 29.1 69.0 78 60 138
Group No. 2 X 30.0 85.2 69 60 129 3.5 03
o ethyl ester I 30.0 82.7 57 60 117 2.9 2.4
in the dry feed 1T 29.4 84.4 63 60 123 3.2 26
mixture I 29.0 75.4 51 60 . 111 2.6 23
v 20.0 76.2 82 60 142 4.1 2l
v 26.2 71.6 &3 60 143 4.2 24
Group No. 3 X 29.3 71.1 51 60 111 5.1 EXS
10 % cthyl ester I 26.8 63.3 40 60 100 4.0 FEE
in the dry feed I 26.0 63.2 30 60 920 3.0 %3
mixture I 25.1 63.4 30 60 20 3.0 3.0
v 25.0 61.7 50 60 110 3.0
v 23.1 60.1 47 60 107 4.7 1

TasLe 3. Fertilization and halching percenlage of eggs.

Fertilization percentage Hatching percentage

Ethyl ester in the
dry feed mixture

Ethyl ester in the
dry feed mixture

s it A r——-_’__-——-.
Group Controls 5% 109 Controls 5 e
First hatching 94.6 87.9 89.2 80.0 81.3 Te.n
Second hatching 93.2 87.7 90.8 83.8 79.2 70l
Mean 93.8 87.8 90.0 81.9 80.2 TR

In order to clarify the composition and properties of the eggs. the
weights of shell, egg white and yolk were separately determined for 13
random samples from each feeding group. Furthermore, the fat content
of the volk was determined and the iodine number and fatty acid
composition of the isolated lipids were determined. In conditions con

e i
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TasLE 4. Feeding test, February to April 1964.

JES—
Ethyl ester
in the total

Average Egg Dry feed feed ration
number produc- mixture Grains Total ———
Month of hens tion (%) g g g g LA
Group No. 1 11 39.0 79.6 77 60 137
{Controls) 11 39.0 78.1 90 60 150
v 38.1 68.8 69 60 129
Group No. 2 i1 42.0 81.2 60 60 120 3.0 25
59, ethyl ester in i 42.0 715 - 7 60 130 3.5 2.7
the dry feed mixture IV 41.0 74.7 64 60 124 3.2 2.6
Group No. 3 I 47.0 77.0 52 60 112 5.2 4.6
10°, ethyi ester in I 47.0 72.8 57 60 117 5.7 4.9
the dry feed mixture IV 45.1 70.0 50 60 110 3.0 4.5

TasLE 5. Effect of the feeding of ethyl esters of the fally acids of tall oil
, an the weight of the egys.

The figures refer to 15 egpgs each.

Ethyl Egg-white tlandling
ester in Weight  Shell weight weight Yolk weight  losses
the dry Feeding of the —— ———— ———  per cent
feed (%) test No. eggs, g g % g % & % units

0 2 897.7 862 9.6  533.4 504 2669 207 13

3 914.0 85.3 9.3 537.8 58.8 276.4 301.2 1.7

3 2 889.6 85.2 9.6 521.6 58.6 266.9 30.0 1.8

3 885.3 89.0 10.5 512.3 58.1 267.1 30.5 0.9

10 2 861.0 85.4 9.9 504.3 58.6 263.7 30.6 0.9
3 872.7 89.8 10.3 506.9 H8.1 268.8 30.8 0.8

sistent with actual practice, the flavour of the eggs, their beating quality
and the stability of the egg-beat were assessed.

Table 5 shows the effect of ethyl ester feeding on the weight of the
eggs. It is seen that the 15-cgg-weight was clearly reduced by the feeding
of ethyl ester. The reduction in weight is primarily due to smaller
quantity of the egg-white constituent, since the volk weights and shell
weights were nearly equal in the different groups.

In Table 6 the effect of ethyl ester feeding on the composition of the
Yolk fat has been presented. According to the results, the fat content
of the volk is only slightly affected by the said kind of feeding, the fat

e
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TasLe 6. Effect of ethyl ester feeding on the fally acid compositing
of the eqgs lipids.

Ethyl ester IFat lodine Fally acid composition (%)
in the dry Feeding content  mumber
feed (%) lest No. o, of the fat C,, Cie Cigl = Cis Cul= (2
0 2 31.7 77.3 08 296 28 13.9 35.5 171
3 775
5 2 32.5 77.4 0.6 263 4.1 10.7 43.4 1
3 78.8
10 2 32.7 78.4 0.6 252 4.8 8.5 47.8 13.3
3

percentage having increased by one per cent unit when the ethyl ester
dosage was 4.7%. The iodine number of the fal is also slightly elevated.
On the other hand essenlial changes have taken-place in the faity
acid composilion. The quantity of oleic acid has greally increasad,
namely 7.9 and 12.3 per cent units in the groups in which ethyl ester
was administered al 2.6 and 4.7 %, respectively. The quantity of pal.
mitic, stearic and linolic acid has correspondingly gone down as a
result of ethyl ester feeding.

On the strength of organoleptic assessment no flavour differences
were observed in the eggs of the second feeding test, whereas in the
third test the eggs of the test group with the highest ethyl ester dosage
had a flavour nuance which could not be more closely delined.

Eggs intended to be used in confectionery are required to have not
only Taultless flavour but also good bealing quality and good stability
of the cgg-beat. A test ‘elucidating this aspect was undertiken with
eggs from the second feeding test in a confectioner’s shop. The eggs
produced by the hens of the control group were good to beat and the
stabilily ot the egg-beat was satisfactory. The eggs of the hens to whom
esters had been fed could certainly be beaten, but the egg-beat was nol
stable.

With the eggs from the third test the beating teslt was carried oul
three times in another confectioner’s shop. The results were the same
every time. The eggs from the control group made the best beat, in
about seven minutes, and the pastries rose well. No remarkable dil-
ferences were noted between the eggs of the two ester feeding groups in
respect of bealing time, which was about nine minutes. The pastrh‘\
made with eggs produced by the hens to whom esters had been ad-
ministered at the higher dosage were poorcst in appearance; they did

1
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v'r_\m.r: 7. Effect of ethyl ester feeding in the fally acid composilion of
hens' carcass fal.

LEthyl ester administered at

0% LA 109

Tedine number
of the fat ., . 84.2 83.3 85.6
Cie 0.4 0.4 0.5
Cie 19.1 20.6 16.9
Cogl= 2.9 3.3 2.7
Cis 5.8 . 3.5 5.1
Cial= 46.9 47.8 46.0
Cig2= 24.8 21.1 26.5
Cypd = 0.7 0.5 0.9
Cso 1.0 0.7 0.8

not rise and their surface was uneven. The same defects, though in
slighter degree, were noted when eggs from the hens fed with cthyl
ester at 2.6 9, were used. Conscquently, it would seem that the feeding
of ethyl esters of the fatty acids of tall oil to hens is not recommendable
in view of baking.

The effect exerted by feeding of ethyl esters of the fatty acids of tall
oil to hens on their carcass fal was clarified by deterniining the fatty
acid composition of this fal. From the results shown in Table 7 the
inference can be drawn that at least in the present instances the ethyl
ester administration had no distinet influence on the fatty acid composi-
tion of the carcass fat. Tt is a notable fact that oleic and linolic acid
contribute with a very high percentage, both together about 70 %, to
the said fats.

On judging the present results, the arrangement of the tests has to
be taken into account, namely, that in the test groups the ethy] ester
was administered admixed to the normal feed of the control group.
The fat content of the feed has thus been higher in the test groups proper
than in the control group and this is thought to be partly accountable
for the values revealed by the present results.

Summary of results

_In the present study the suitability of ethyl esters of the fatty acids of tall
oil for use in the feeding of hens was clarified with the aid of three long-term
feeding tests. It was found that when such elhyl exler was added to the basic
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feed which was administered to the control group as such, the egg production
of the hens decreased but fertilization of the eggs and hatching results were
entirelv normal. The baking characteristics of the eggs were distinetly iy
paired, however. The fat content of the voik and the indine number of the £
were not significantiy changed. Considerable changes took place in the fait,
acid compnsition of the volk fat. The quantity of oleic ucid increased strongly
with simultancous decrease of the paimitic, stearic and linelic acid quanti.
Ethuvl ester feeding caused a reduction of the egg weight, which was due
reduction of the egg-white constituent in the first place. Ethyl ester fecdn
was not observed to have exerted anyv influence on the fatty acid composit.
of the carcass fat,
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The Fatty Acids of Tall Oil and Their Ethyl and
Glyceryl Esters as Fodder Ingredients
II. The clhyl csleré in the feeding of milk cows

By Vewo ANTILA, V. J, KARKKAINEN, Onvo NG and MAaTTr ANTILA

Department of Dairy Scicuee, University of 1lelsinki, Uelsinki and the Agricultural
Research Centre, Departiuent of Animal Husbandry, Tikkurila, Finland

The fatty acids of tall oil and the use of their derivatives as fodder
ingredients were discussed in an carlier publication (Antila ef al., 1962).
It was concluded that especially the ethyl esters of the acids are ceconom-
ically advantageous under Finnish conditions in view of the availability
of raw malterials and case of preparation. The composition of Finnish
bulter fal varics in different seasons of the year and contains relatively
low levels of unsaturated fatly acids especially during the indoor fved-
ing period in Kastern Finland (Antila, 1962). As a conscquence the
production of hutter of the right consisteney is difficull at times. Since
butter is the major product of the dairy industry in Finlund, a variable
consisteney is hoth a commercial and an cconomic problem which it
has nol been possible o solve by modilying the machinery, processes
or the cattle fodder. »

The incorporalion of fats in the dicl of caltle has been discussed
widely as is evident from the review of Suhonen and Antila (1961).
The value of clhyl esters of tall oil fatty acids in cattle fodder bas not
apparently been investigated, however.

The aim of this study was lo investigate the stability of cthyl eslers
of tall oil fally acids in fodder and the ceffeet on the composilion of

mitk Tat of feeding them to cows.

Material and Methods

The cthyl esters of tall oil fally acids were prepared by the method of

Auntila el al. (1962). The ester mixture was then combined with various

This work has been aided by a granl awarded by the Foundalion for Rescarch into
Natural Resources of Finlund, '
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powdered materials. One was a powder made {rom whey produced in
the manufacture of Emmenthal cheese and one a drum-dried skimmed
milk powder. The third was a powder prepared by drying and grinding
clover (dried grass meal). The fourth maferial was roasted sovbean
meal, :

‘The following analytical methods were employed: milk fat according
to Gerber (Davies, 19539); milk proteins according to Kjeldahl (Ling,
19456); iodine value according to Hanus (Kaufmann, 1958); conjugated
and non-conjugated diethenoid acids by the A.0.C.S. Tentative Method
Li2a, 55; peroxide value according to Lea (Kaufmann, 1958); and
Swift’'s test (Mchlenbacher, 1945).

Experimental Procedures

In the stability studies, the ester mixlure was mixed with the various
fodder components in different ratios and the resulting mixtures were
stored in the dark al room temperature for eight weceks. The oxidation
of the ester mixture and its mixiures with the other components was
fvilowed by defermining peruxide values. '

Two feeding experiments were arranged, both during the indoor
feeding period. In each experiment, there were four cows in different
stages of lactalion period in the test and the control groups. The experi-
menis extended over a preliminary period of 20-23 days, a transition
peried of 5 davs, an experimenial period of 23-30 days, a transition
period of 5 davs and a final period of 5 days. The amount of fodder
given to the cows varied with the milk produciion and live weight.

in the first experiment, each cow received (in kg):

(=]
7

Hay

AMaurrow kale silage
Qatmeal {eed

Soya bean meal (coarse)

Lot

=

RS
i

PEam

After the preliminary period 4 per cent of the ethyl esters of the tall oil
fatty acids was added 1o the concentrates of the fest group. Both groups
of cows received the same fodder in the final period esin the preliminary
period.

The basic fodder received by all cows in the second experiment
consisted (in kg) of:

Hay 5.0

ATV silage (grass) 15-20

Dried molasses beet pulp : 1.0 s
Molasses 0.5 -

Concentrate mixture

e

i

+
it
o
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This concentrale mixture comprised (4%)

Barley meal feed i3
Wheat meal feed 1
Soxa bean mea! (coarse) 15
Linseed oil cake 13
Maizena 10
“Heratushera” (meat and bone meal - whey

powder) 10
Diried grass meal 1
'hosphorus yeast 6
Disodium phosphate : 3
“DEB Vitan” 1

and as test fodder the concentrate

Mixture II 3.5 5.0

This test fodder was composed of (%

OCatmeal feed 40
Barley meal feed 40
Skimraed milk powder 10
Whey powder 1

All the cows were fed the test fodder I, hut the test fodder the test
cows received during the first transition period and the experimental
period contained 3 per cent of ethyl esters of tall oil fatly acids.

The yield of milk, milk fal and milk prutein was followed throughout
the experimental period.

For the examination of the milk fat, it was sepavated from the milk
by cenirifuging and churning, the builer granules were melted and the
fat filtered through dry filter paper.

In the oxidation tesls, both the clear bulter fat obiained in this way
and an emulsion of the washed butfer granules were examined.

Results

The ethyl esters of tall oil fatty acids are relatively prone to oxidation
as they do not contain natural anti-oxidants to any extent. The rate
of oxidation of the ester mixture as such and when present in fodder
with and without added dried grass meal is shown in Fig. 1. The more
rapid oxidation of the esters in the meal feed than as an oil is probably
due to the larger inferface between air and the oil adsorbed on the
porous meal feed. When 49 dried grass meal is present in the ester
xiure, the peroxide value remains at a low level during storage owing
lo e anti-oxidanis in the dried grass meal. The slabilising effect of the

il
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paroxide
value

50

Fig. 1. The oxidation of the cthyl esters of tall oil fatty acids at Teom femperature. As
meal foed roasted soyiean mweal. © Ethyl esters. @ thyl esters (10%) : roasted soybean
meal (9095, EEthyt esters - dried grass meal (4 9). A The mixture of cihy! esters and
dried grass meal (10 9,) in mcal feed.

dricd grass meal becomes evidenl also when its mixlure with the
tthyl esiers is incorporated in the meal feed.

The oxidation of the ester mixture when admixed with skimmed milk
powder and whey powder is relatively slow owing to the reducing agents
present in these powders. As judged by the peroxide values, the best
storage properties were those of the mixture of ethyl esters, dried grass
meal and whey powders (Fig. 2

Only minor changes in milk yield were observed during the feeding
experiments (IFig. 3); the dilferences were not statistically significant,

peroxide
value

50

Irig. 2. The oxidation of the ethyl eslers in skimnued milk powder and whey powder at

room temperature. £ The mistare of ethyl esters and dried grass meal (10 9) in whey pow-

der. » Fithyl esters (1091 < whey powder (9090, € Iihyvt esters (10 €) = skimmed milk
powder (¢0 9%). -
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Tavre 1. Changes in the iodine vatue of milk: fal produced by [eeding
cthyl esters of tall oil fatty acids to cows.

Peeding experiment I Feeding experiment 11

Test Control Test

Control

group group group aroup

Preliminary period 31.9 30.1 30.2 313
Test period 38.1 314 350 3Ls
Foliow-up period 33.5 313 318 33.8

The miik fat yicld was significantly lower (P 0.01) in the group
receiving the ethyl esters than in the control group in the firsl experiment
(Fig. 1, but not in the second experiment. The significant difference in
the first experiment is probably a conscquence of the higher intake of
ethyl esters, which was from 24.7 to 39.0 per cent of the milk fat pro-
duced by the cows in question. In the second feeding experimient, the
amount of ethyl ester mixture added was 3 per cent of {he weight of
the fodder and was only 20.3-27.2 per cent of the milk fat produced
by the cow

which received it. In addition, there were more sugars in
the fodder in the second than in the first experiment and this may also
have had an effect on the results. The daily variations in the fat content
of the milk were fairly large (FFig. 5) and may also have obscured the
changes in the milk fat production in the experiments.
The variations in milk protein contents shown. in Iig. 6 do not reveal
any significant changes as a result of the feeding of the cthyl esters.

Tanre 2, The (’fﬁ4ct of ethyl esters of tall oil fatty acids in fodder on the
content of dielhenoids in milk fal.

Fecding experiment I Feeding experiment 11

Test group Control group Test group Control group

°.con 9 non-con- 9, con- %5 non-con- %o con- 9 non-con- %, con-  °, nop-con-

jugated  jugated  jugated  jugated jugated  jugaled  jugated:  jugated
Preliminary
neriod 0.63 1.03 0.57 1.04 0.57 1.22 058 - L2
Test peripd 1,02 0.98 0.59 0.98 0.62 1.67 0.55 1.18
Folluw.up .
period .65 0.99 0.58  0.88 0.58 " 1.44 0.6t 1.0

£
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Fig. 7. Oxidation tendeney of butter fat and a butter emulsion before and during the
feeding of tall oil fatty acid ethyl esters. Temperature 65°C. Rate of oxyvgen flow 10 litres!
hour. € Butter fat before the feeding (IV 33.6). O Butter fat during the feeding (IV 37.8).
A Butter emulsion before the feeding. /v Dutter ciulsion during the feeding.

The data in Table 1 show that the iedine value of the milk fat in-
creased significantly (P<0.01) in both experiments as a result of the

feeding of the cthyl esters.

The increase in the iodine value is so high that on the iodine value
level in question it has an efiect on the properties of milk fat from the
point of view of hulter making. On the basis of the investigations by
Peltola & Huumonen (1957), for example, it can be concluded that the
difference of 1.6 iodine value units is distincetly manifested in the cutting
resistance of Finnish butier.

The changes in the amount of the diethenoids of bulter fal as a
consequence of the ethvl ester feeding are presenfed in Table 2.

As seen in Table 2, the proportion of conjugated diethenoids under-
went a marked increase in the first experiment. The difference between
the test and control groups is statistically significant (I?-20.01). The
proportion did not increase significantly in the second experiment.

Work carried out by Antila ef «l. (1963) on the fatty acid composi-
tion of ‘milk fat has revealed that the feeding of ethyl esters of tall oil
fattv acids leads to an increase in the oleic acid content and to a de-
crease in the palmitic acid content. The observed incrcase in iodine
value is probably connected with this and not with any change in the
diethenoid content.

Samples of milk fat collected during the first feeding experiment
were stored after dryving in test tubes in a refrigerator for six months.
Peroxide value delerminations on these samples revealed no significant
differences between the tesl and control groups. The peroxide values for
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both groups of samples were of the order of 1.0, and the oxidation of the
samples can still be followed by peroxide value determinations.

An inerease in the iodine value of butter fat implies a greater tendeney
to undergo oxidation as shown by Fig. 7. The susceptibility to oxidation
was greaier {or the butter emulsion than for the butter fat.

Summary

The use of ethyl esters of tall oil fatty acids in feeding milk cows has been
investigated. The tendency of the ethyl esters to undergo oxidation is relatively
great as such and when present in the fodder, but the oxidation can be retarded
by adding dried grass meal to the esters before mixing the latter with the other
fodder components. Also the oxidation of the esters in admixture with skimmed

milk powder and whey powder was followed.

The influence of the ethyvl esters on the millkk production, nulk fat production,
protein content of milk and the properties of the milk fat was examined in
two feeding cxperiments. The changes in jodine value and the content of
diethenoid fatty acids in butter fat were followed and observations were made
on the susceptibility of the butier fat to oxidation. The inclusion of ethyl
esters of tall oil fatty acids in cattle fodder leads to an increase in the iodine
value of the millt fat produced. H the amounts given are small, they increase
the iodine value without lowering the vield of milk fat and also increase the
proportion of conjugated diethenoids significantly. The tendencey of the butter

fat to undergo oxidation is incrcased when the ethyl esters are udded to cattle
fodder.
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4.2 Flavours

Natural flavours and their identical synthetic equivalents, except
those which are known to represent a toxic hazard, and other
synthetie flavours approved by the Codex Alimentarius Commission
are permitted for the purpose of restoring natural flavour lost in
processing or for the purpose of standardizing flavour, as long as
the added flavour does not deceive or mislead the consumer by
concealing damage or inferiority or by making the product appear
to be of greater than actual value. (*)

4.3 Emulsifiers

The following are permitted but only in fats and oils not
specifically designated with the name of the plant or animal
from which they originate:

Maximum level of use

4.3.1 Mono- and diglycerides of

fatty acids Not limited
4.3, 2 Mono- and diglycerides of 20 g/kg of the
fatty acids esterified with emulsifiers

the following acids: specified under
4.3.2t04.3.1
acetic inclusive,
acetyltartaric individually or
citric in combination
lactic
tartaric

and their sodium and calclum salts

4.3.3 Lecithins and components of
commercial lecithin

4.3.4 Polyglycerol esters of fatty acids

4.3.5 Esters of fatty acids with
polyalcohols other than glycerol:

Sorbitan monopalmitate
Sorbitan monostearate
Sorbitan tristearate

Nt? t® Yt S e N ot Nt S st Vt? St et vtV sl nstl Vngsl st "t otV " “vavt

(*) Temporarily endorsed.
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4.3 Emulsifiers (Cont.)

4.3.6 1,2 propylene glycol esters of
fatty acids

4. 3.7 Sucrose esters of fatty acids
(including sucroglycerides) (*)

4.3.8 Stearoyl lactylic acid and its
calcium galt (*)

4.3.9 Polyglycerol esters of interester-
{fied ricinoleic acid (*)

4.3.10 Polyoxyethylene (20) sorbitan
monostearate

4.3.11 Polyoxyethylene (20) sorbitan
monobdleate

4.4 Antioxdants

4.4.1 Propyl, octyl, and dodecyl gallates

4.4.2 Butylated hydroxytoluene (BHT)
Butylated hydroxyanisole {BHA)

4.4.3 Any combination of gallates
with BHA or BHT, or both

4.4.4 Natural and synthetic tocopherols
4.4.5 Ascorbyl palmitate )

4.4.6 Ascorbyl stearate g

4.4.7 Dilauryl thiodlpropionaté

(*) Terporarily endorsed.

Maximum level of use -

Vvvs—ouvvvvvvvvvvvv

100 mg/kg individually
or in combination

200 mg/kg individually
or in combination

200 mg/kg, but gallates
not to exceed 100 mg/kg

Not limited
200 mg/kg individually

or in combination

200 mg/kg

U3l
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Food Protection Committee, Food
and Nutrition Board. 1965

" Chemicals Used in Food Processing

National Academy of Sciences,
National REsearch Council,
Washington, D.C.
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: 'H‘I{E problem of foam control during the product.mu of bakers' -

east has been serious since Marquardt, following the teach-
ings of Pasteur, introduced seration into the ‘process in 1879.
"The problem was intensified by the introduction of the Hayduck
process using molasses and ammonia a8 nutrients in 1815, The

" shortagp of grains : “at that time accelerated the changeover to the

Hayduck process. \ Erey (4), and Frey, Kirby, and Schultz (5)
described these developments in detail, . The growth of microor-

" ganisms, especially yoast, is inevitably tied to the use of acration

beecause of the larger yields reoceived. The exact mechanism
whereby yields are increased has not been fully elucidated, but de

Becze and Ligbmann (1) in' their all-encompassing review on -

aeration have listed most of the current theories. Gee and Ger-
hardt (6) have also attempted to throw light on this mechanism,

Two general solutions to the foaming problem have been ad-
vanced—-tibe use of mechsniczl foam breakers, such as are em-
ployed in' the Waldhof fermenter, and the use of additives which
destroy or control the foam. Ross (10, 11), and Ross and MeBain
(12) have classified and illustrated the substances in common us-
age as additive dofeamers.  Jiquipment has been designed so that
defoamer addition is automatio as required. - Stefaniak, Gailey,
Brownyand Johnson (74) and Dx]foxd Bealf, St,ark and Kolachov
(£) have described suchh cqmpment ‘

Generally, additive defoamera rely upon the slteration in sur-

N face relationships, and Ross (11) has up]amcd some of the factors

involved. In the use of chemical ndditives as defoamers other
important charncteristios - deserve - consideration. ¢ In . yeast"
growth, yields may -be seriously imnpaired, and in antibiotics
manufacture, ‘unit yields- may+ be -lowered. * Goldshmidt and
Koffler (7) have,mude » study of the effect of defoamers upon
penicillin yield and have found that with the use of lard oils the
yield of peniciflin is increased significantly. They explained the
enhanced yield a5 a result-of tho effect upon surface relationships
of the organism itself, and show that it is nof, due snnply to the
mechamcal destruction of foam
' R IR L
S FXPERIMBN'IAL o

A well-known and accephed techmque for testmg deioamem for,
use during yeast tnanufacture is not available. Goldshmidt and

;Prounc address, Director 'of, Research, Kingan and Co., Indianapolis 6,

o - v I
{ : - - ¢ -
L N " I

‘use in testing yeast defoamers. The apparatus consists essenr 1

~ such an application. Dunlap, Hassel, and. Maxweu {3) w

104

2y

. '..A ,‘m., (. [P ‘
DEFOAMERS

Koffier (7) have dwcnbed a method for testing defoamers {or uae';‘:“,
in penicillin manufacture and Sinsheimer (18) has. descnbud b, 5
method for testing foam stability. o ‘ i

The technique deseribed herein is advanced as one smtable for b

tially of a device for passing cleaned; measured air through a mis.
ture of yeust, molasses, and test defosmer at & controlled temper.
ature; meanwhile, the time for defoamer failure is observed e ;
apparatus is shown in Figure 1. Construction details are showy © ;
in Figures 2and 3. o EaT

TestT PROCEDURE.
is brought to 30° C. A
Two grams of active dried yeast are. a,ddod to 200 ml of beg o T
molasses and the mixture is stirred mechanically” at medxun 4
speed for 5 minutes.
Molasses is prepared by diluting dark table molasses 0y ]
specific gravity of 1.0390 (20°/20°) after adjustment, to pil 45 -
Surplus molasses may be preserved by processing in halfpist -
home canning jars at 100° C. for 25 minutces, followed by an s
cool, Thisarrangement permits enough for one test per jar. :
Air flow is adjusted so that after adding the test mixture, e 3
air rate is 0,125 cubic foot per minute, Air must b startod be fore o
addition of test mixture.
Foam forms nnmedmtelv and starts to climb in the tow. f
When tower is hall filled, 0.05 ml. of test defoamer is eddii. 4
Defoamer should be near at hand when atartmg test, bwm i
foam rise in the tower is rapid.

The time is observed and failure is consxdcrcd to be the polis
at which foam fills the tower. The failure time is noted.. :

At the conclusion of an 8-hour test run, yeast is scparale:
from the s sem; molasses.  The filtering device shown in’ 11,.w ;
4 was found to facilitate this operation.

After three washes with cold distilled water, odor and toxicity
observations are made.

PREPARATION OF F1LTERING DEVICE, Toahigh-speed wetted filter |
paper under suction on a Biichner funnel, a thcﬂ shury of higi
spoed filter aid is added. Suflicient filter aid is used to given - !
pad about 0.5 inch thick. 4

Suction is contioued and when the filter aid pad is formed, but ©
before it is dry, another filter paper is placed upon it, Water ;
to a depth of about 1 inch is 1mmediately added whlch helpo :

weld the “sandwich’ into a unit. P
. w\-' -y

With the fodm co]umn in place, thc bm' .

In hié compilation of defoamers Ross (10, 11 3 has-listéd fmty n\;
acids as having value in controlling foam during yeast produs-
tion. Tall oil seemed to be an unexplored source of fatty acids or,

R U
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Sl e s KIS A rough sereening program which Bad’sdme merit-w employed.,

e, doob  in fhe tall oil-ethylens oxide series. | Four drops of test defoamen .
’ Lo - were -added t0-100. ml, of ‘cold distilled water, and, thoroughly
o mixed. . Those-defoamers whish went into solution immediately "

TEE ; % always failed, those which remained a8 aAlm upon’the water were
o 1 | effective, and thoze'showing very slight: solution weré most efs

.. fective., These dataare shown in Tablelr» oo ot o0 0

‘ e EER CORT e LTy ‘!“k'.""" ke ‘:‘
- S R AR DISCUSSION /i ™ & wiyq L e
ERT | - . P Lo '?- '«t‘.u-"s.-" [ .
Y - +:The defoamer testing’ technicier was: found .to be .gimple and .
- reproducible.- - In the'eatly phase of tho development-of the de-",

R [ foaimer test, yeast was added to dilute molasses and poured di-
A - q - rectly into the foam tower,: However, it was observed that jn_

e o " using this technique the nature of the foam changéd rather mark-

s edly at about 20 minutes operating time. Machanical premixing

Pl Tl e " was found to eliminate this fosm change. . o o0 v iy
IR s st ; B B

 taynolds (9)

9,
ey

. .~ Figure 1. ; Yeast Defoamer Test Apparatue .

describe tail oil as being variable but having a gen-

et *
As expected, some variation was cneountered if'variotis' lotg of
molasses.” To obviate this variable a sufficiently large bateh Wan.,
“prepared to supply a complets series of tosts, - Theapplicatinn of ¥
- materials closely approximating commercial cpération is consid-

‘.’nlcqrripos_it.x_on oft .. .. L. e ere(li prefgr:xb}e to u;e of know}'x comlposatxolns at wnzmcegmth o
U Ty Resii acids’ %7 5 tua apphcntxon.v Y preparing a large, .mmogeneous ateh of .

R I;'utt); acids, 2, 84-45 molasses a standard value may be ascertained by use of a knovwy

Y "a wid ;}tﬁﬁ‘;;éuﬁ,on, g,ma;n‘?’ﬁ- ok e : 'de_foamg_r, such as: tetx:m}eba’nol. 'Sufﬁcic‘m‘ veast should ho g0

i e Bl : BRI T 5 cured for testing the entire bateh of molas-es and after thorou;rh
‘“‘"W acxd (’,",’_,“1’_03’.“0‘" 5 as follows: . ’ mixing the surplus should bestored under refrigeration, . .

T Saturated (mostly palmitio);. % 7 . LT S U W I RS T S L R N
A0 2 Oleie, 95 ' 45 t ¢ :

. - Linoleie, ¢, L LAl

. b (Conjugated linoleic) * (3

Tebed e e S - .
Because of the uvailability of reactive hydrogen groups,

. i eapable of reacting with ethylenc

“tios of ethylene oxide it is possible to achiey
wising water solubility due to change in hydr

oxide (EO) as described by
“Clelan (85 By reacting tall oil withincreasing various molar

‘nee. © Accordingly & number of tal] oil-ethylene oxide con-

e .

?) el Y,

v

tall.oil

‘¢ products of in-
ophil-hydrophobe

fusation produets were prepared and tested as shown in Table 1,
- S, . . .
- leculur weight. of refined tall oil used in these studies was as-
#ned ta be 300, crude tal] oi} 313, and ethylene oxida 44, For
; shiparison, results with some other test defoamers are shown in
3 mhleIIv.' S V". v . ':»-r o = ; ER
E ‘ » e » - i ‘
; [EURPE o ., : e ! K
TapLe L. Taw Ou-Ernyiese Oxipm ConpeNsaTiON . :
I v PRopueTs as DEFOAMERS . . iy Tl / %
~ Molae Ratio ’ AT R b
Tall - Ethylene Water - " Foam Cyntro] - ra | g
ol Y .oxide_ . Solubility ., - .- Time, Houry. > .. : LKL
o 0.0 Ctc Floating fim X TR ® : A,JJ .
1 11‘0~?5} T IR O 9 : : E T : i .
S } ' ‘__"8-:‘;‘3 T e by R g~g_; Figure ‘2. Deteils of 'Yeaszcfoamer"I"t-qt ‘Appnratns
oo % 3,‘88 B R I:Sp‘eruiyn P o1 fpoxt RN | 3 Air‘ﬁl!;-r.‘"'l\i.oilitﬂ; sidenrm Maske'filled with lass ool - -
poe g <§'Qq : o LT & Orifice flow moter (Aen Closs 0,) - s B LIRS RN
e 3o J "‘lj) ” . T 3.  Thermoregnlator (1152 Inatrument Co)- + g ATy T
LI ‘ Sl e - i ‘e v A L ESOewstt heatingg ot : oo B .. 2
Bl .00} Increased {180 "7 By Yeast propnsatcr., MHorosificnto placa tubing with 48-dar. Tnede ©
PN ] f.’_()(}i‘. . . diepersion. .- . .. e . © U diemetes, . high, comrae porndty ik - " R T
1 SBOf L T .o 0.1 8. Suerer ST S G BRAIUEINTRD L
coT TS - i . 7. Thermometer R : C g e
Sl Lo 1zeoa . _SOI\;!bl‘GY & Cooling coil, I/s-inch copper tubing ,“\x', v g WM S8
- ¢ Maximurs, 20 hours, " T g, poros‘l'mt,e Elnmn bau,‘w:-, R TR ST [
:"”‘ : ot LN AN T Sl Gk iy Fast’ N PR i

“Tasip I - Drrosners :
LoeUw s MIXTURES

Compound .

~Loralivl adid vhosphate-1.61 parts ethylene oxide
Itewx) neid phos phate-1. 46 parts ethylenn oxide -

¥laeid phosphate-2, 40 party cthvlene exida
u{rtl.orvk;oa':hﬁric veid~8. €0 parts ethylens oxide -

decanol. .| et P e

FOR ARRATED YEAST-Morasses

- Foard enlnneed

It wes found advisable to starg the airflow irr the foam tower » :
before adding the test material, otherwise secpage through thg
fritted disk oceurred, which gave a variable test volume and vere = -
able air flow. The mavimum time employed was 20 hours; this. "

©L i in excess of the time eycle normally emploved ¢ rin ¢ venst pro- %

FYoum enbnnced ST . . . . PN . MYy e AT

o Maddmama o duetion,” Most failures oceurred within the tiest hour, -, 7 T
20

Foam Control e
-Time, Hours

Foam ;nharxced‘
i 0.1

Sfeart A . L b e Muximian "% The fitering techniqua was found to beinst, Itis convenient, o
Shol-8.0 purts ethvlene oxide 8. and the separated yoost ean be rerediiy e from the “eandwieh’ - &
H ONOI~F et 5y 2 OXldy « . . . ¥ « . . .
b vite cthyisue eyide - : 0.1 for toxieity eborvations T (e tost wor or dasted during the
“ Xaximuon, 20 hourss - oprovith phase of the Yeast, filtration time always prolonged,. -,
' — S o T probably due to the plugiiog of the filter pores by the smales. &
) PR N ’ T ‘ N -
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, ﬂn\xghwr cells;» and new, isste..y:

I‘oxzc «iefoamers produced pro-
tmcted filtration tlme, because-of filter blocking by cellular debris

and ;,ell contents. s Yeast growth date aud microscopic observa-;

,

tmn nre suggested [or continmation of toxicity tests,..

In all tests ‘,mplovmg tal] ocil~ethylene. oxide condunsat.xon
products no ‘toxic' effecty were observed, ¢ither microseopically or.

by filtration perform:uxce. ,

Further;. no. oi}f—o}dor‘ could -be de-
teotednftcrwa.shupg; PR A

il be B POROSITY

Flgure 3. Detunls of Poam 'lower
T DI P v Ty ;
) : m T e -

Ay

Ross (11) has stat?xi,that “the most complete defoamers are
usually, but pot always, insoluble. In some cases excess of an
insoluble antitcam. nullifies its effect; hence, in these cases there
is an optimum amount where ‘solubility is slightly exceeded.”

With the approach presented in these studies a handy mecha~

nisw is at hand for altering solubility of the defoaming agent. It
would appear {rom the da’a presented in Table I that complete
insolubility is not as desirable in a defoaruer as a partial orienta-
tion toward the aqueous phase. Thus, untreated tall oil is not
as effective as that reacted with 0.7 mole of ‘cthylene oxide, and 1
to § moles of cthylene oxide per mole of tal] oil are even more ef-
fective. Further, with increasing solubility due to enlargement
of the hydrophilic partion of the moleculs, a lessening in defoamer
cfliciency is encountered until at a level of 12 moles of cthylene
oxide-foam enhancernent is encountered. - Summarizing, a cor-
relation is apparent, starting with fain effectiveness in the low
tall oil-ethylene oxide molar ratios, showing a peak in the range 1
to 1 to 1 to 5. and fulling oﬁ' a3 the hvdxophzl portwn of the mole-
cule lengtheus s »

Apparontly a hydrophﬂ«hydrophobe balance within the de-
foamer is nceessary. . jReference to Table IT shows that com-
pounds consisting of two hydrophilic portions such as sucrose-
ethylene oxide and orthophosphoric acid-ethylene oxide are com-
pletely ineffective as defoanicers and sctually enhance foaming,

As a result of these studies the tall oil-ethylene oxide conden-

sation-product of & 1-t-1 100le ratio was selected as the most .

likely for plant tost. -Tosts in yeast manufacturing plants have
shown this compound to be exiremely effective in its intended

VFRITTED' DISC.
...r\.. ’ _“ I e
w3 eme o v L
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E Fig‘ure 4. Fllter “Sandwnch"

- ' i A" Yeast e
T B. High speed filter aid oot
C. MHigh speed filter paper
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‘a‘lpplication A substantiation of the etpenmenm! resulta h.
thus been achieved.
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Esplian Translation

Tall Oi]l Fatty Acids and Their Use in The

Nutritional Field

Fellce Paolini

The extent of fraud practiced in the field of edible vegetable oils
18 steadily increasing and by this time the chemical industry is in the
process of preparing vegetable oils starting from a wide variety of raw
maéerlals. In fact, it has been recently established that fatty acids
obtained from tall oil are being used for the production of esterified
oils, which can be directly used as such for consumption purposes or
mixed with other seed oils or olive oil.

Tall oil (Swedish tall pine) is a byproduct obtained in the production
of sulfate cellulose from pine wood; its production increased greatly during
and after World War 11, especially in the U. S. A., in order to satisfy the
ever increasing need for drying oils and therefore of unsaturated fatty
acids required in the manufacture of alk}d resins, paints, varnishes,
soaps, etc.

In the preparation of sulfate cellulose a black and syrupy liquid is
formed ('"black liquor soap'), from which, under the action of sulfuric acid,
washing with water and decanting, crude tall oil is obtained, consisting
of a mixture of fatty acids, resin acilds unsaponifiable products. The
percentage of these components wvaries according to the tvpe of wood
used and the region where it originates, However, industry is able
to reduce such variations to a minimum by using suitable mixtures and

thus supplying commercial tall oils with a 2-37 content of fatty and resin
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acids and a maximum content of 1% unsaponifiables.

In view of the fact that individual components of crude tall oil
have an increasingly greater field of application, the chemical industry
has been able to produce various types of distilled tall oils (with a
different percentage of fatty and resin acids) by subjecting crude tall-oil
to fractional distillation, in order to obtain fatty acids almost free of
resin acids (17%) and resin acids almost free of fatty acids (1%).

According to Hezel (1), crude tall oil coﬁsists of 30-50% resin acids,
60-45% fafty acid, 1-6% oxidized fatty and resin acids, and 1-10% unsaponi-
fiables.

Tall oil fatty acids consist primarily of oleic and linoleic acids
with a small amount of saturated fatty acids, such as palmitic and lignocer-

inic acid. Among the unsaturated acids, H. Niessen (2) has identified with

vcertainty also the presence of linolenic acid, while Browning and Calkin

(3) have recorded ricinoleic and brassidic acids among the unsaturated acidé,
and palmitic, lauric, myristic and lignocerinic acids among the saturated
acids.

Tall oil resin acids are similar to those found in rosin, and ¥. J. Ball
and W. J. Vardell (4) have shown, by spectrophotometric analysis, that about
half of the resin acids consist of abietic aﬁd neoabletic acida. 1In addi-
tion, other resin acids are present, which differ from abietic acid in the
number or location of double bonds or in the structure of the chain, such
as dehydroabietic acid, tetrahydroabietic acid, d-pimaric acid, and
igo~d-pimaric acid.

The unsaponifiable content of tall oil consists mainly of a mixture

of hydrocarbons, long-chain alcohols and sterols. Present among the
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hydrocarbons are abietene, diterpenes, terpene polymers and polymers of
decarboxylated resin acids; among the alcoholé, lignocerylic alcohol is
found, and among the-sterois beta~-sitosterol. |

Naturally, during distillation of tall oil, unsaponifiable products
are distilled according to their boiling points.‘ Abietene goes over with
the head fractions, while sterols and other alcohols with higher boiling
points remain in the tall oil pitch. Therefore, distilled tall oil and
tall olil fatty acids are free of sterols and high-boiling alcohols.
Jacini(5), in a study on the use of tall oil and the isolation of certain
sterols, states that there 18 no doubt about the identity of tall oil
phytosterols with those recovered from other plants (especially, soybeans);
in another atudy (6) on an Italian tall oil pitch, Jacini did not find
lignoceric alcohol, contrary to the statement made by Sandquist, but rather
normal arachic alcohol.

Tall oil pitch, rich in sterols, has thus become an important raw
material for the production of beta-sitosterol, ﬁsed in the synthesis of
sex hormones and other biologically active compounds. Again Jacini (7)
has described a practical method for the extraction of sterols from tall

oil "sulfate soap"

and the successive oxidation to dehydroandrosterone
of the technical mixture, obtained from the sterols, not subjected to
special purificatioh and fractionation.

It is evident from the above that the importance of tall oil is
greatly increased by the fact that it affords the possibility of utilizing

sterols of plant origin, instead of cholesterol, in the preparation

of certain hormones, starting from low-cost raw materials.
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Thus, industrial applications of crude tall oil and its derivatives
are quite numerous today, and it is certain that the chemical industry will
be able to expand, as time goes by, their already vast field of application.
On the other hand, it was not conceivable, until two or three years ago,
that industry would be able to utilize these products also in the field
of nutrition. Unfortunately, today suéh an utilization has hecome a bitter
reality, and the incentive for such an 1llicit use is the considerably
lower cost of these products, compared to the cost of natural vegetable oils.
| In order to obtain a better knowledge of the composition of tall oil
derivatives and thus of their possible use in the nutritional field, we
believe it is useful to report some analytical data obtained in the exami-

nation of some tall oil samples imported from Germany, Sweden and the

United States (see Table A). The values of the analytical constants

reported here represent averages of values obtained in the analysis of
numerous samplea; in fact, we were able to determine that the same wvalues
are not always obtained even when using samples having the same content
(in percent) of resin acids and fatty acids. The slight differences
encountered depend on the type of wood used, the region of its origin and

the production process.
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Table A

Constants of some distilled tall oils and crude tall oil

113

Tall oil type | Refracto- | Refractive {Iodine | Acid |Saponi- |[Resin | Fatty | Unsapo-
and reference | metric index at No. No. |ficationfacids | acids | nifiables
No. degree at 25°C Wyls No. % % 4
25°C

1. Tall oil

fatty acids 62 1,4690 132 ‘195 197 1 97 2
2, Tall odil

fatty aclds 63 1,470 134 194 196 2 95,5 2,5
3. Tall oil

fatty acids 69 1,4715 136 192 193 3,51 93,5 3
4. Tall oil .

fatty acids 74 1,4770 135 {185 195 5 93 2
5. Tall oil
. fatty acids 83 1,482 128 185 190 10 88,5 1,5
6. Distilled

tall oil 85 1,483 125 178 188 15 84 1
7. Distilled ‘ .

tall oil 89 1,485 135 188 190 21 77,5 1,5
8. Distilled

tall oil 93 1,488 158 190 192 32 66,5 1,5
9. Crude tall

oil — — 168 168 175 45 50 5

In addition, whereas commercially the designation ''tall oil fatty

acids” refers to distilled tall oils containing up to 40% resin acids, the
same designation, in our understanding, includes distilled tall oils

containing up to 107 resin acids.

In fact, the Ministry of Finance,

concerned with the spread of fraud in the field of edible oils and
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anticipating the use of tall oil derivatives also in the nutritional fleld,
decreed as far back as 1956 that distilled tall oils containing an amount

of resin acids equal or inferior to 10%Z should be classified, from a customs
service standpoint, under the term of Tariff 145b: "Fatty acids" and
therefore subject to the fiscal rule established by D. L. (legal decree?)

of October 1956, No. 1194,

The resin acids present in the various tall oil samples were determined
by chemical means. For this purpose, various methods are known, such as the
methods of Wolff (8), A. Linder and V. Person (9), Herrlinger and Compeau
(10), and Mc Nicol (11).

The best results were obtained by using the method of Herrlinger and
Compeau for tall oil with a éontent of resin acids not greater than 15%,

and the method of Mc Nicol for tall oil with a resin acid content greater

‘than 15%. In fact, Wolff's method does not give good results for tall oil

containing small amounts of resin acids, and the method of A. Linder and
V. Person has the same inconvenience, although if certainly represents a
progress over other methods since it iIntroduces empirical corrective terms
into its formula. Tall oil unsaponifiables were determined by the
ASTM~D1065 method.

The percentage of fatty acids present in tall oil is calculated by
the formula:

% fatty acids = 100-(R + I)
where R is the percentage of resin acids, and I is the percentage of
insaponifiables.

Tall oil samples No. 1-8 (see Table A) are oily liquids of a

straw-yellow color, the intensity of which increases slightly with

113
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increasing content of resin acids. The odor is that of a fatty substance
for the first 5 samples; starting with sample No. 6, a characteriatic
resinous odor is perceived, which increases slightly in the other samples.

Sample No. 9 is a crude tall oil, having’ﬁhe appearance of an oily
liquid of greater density than the other samples and frequently containing
a crystalline deposit of resin acids with a étrongly resinous odor. The
average specific weigﬁt (density) of the various tall oil samples ranges
from a minimum of 0,900 to a maximum of 0.985.

Examination of Table A shows that the refractometric degree and the
refractive index of the various samples increase with increasing content
of resin acids; this observation 1s quite useful for the purpose of a

customs classification of tall oil, since the percentage content of resin

‘acids can be determined with pood approximation in a short time.

It is interesting now to examine the analytical data pertaining to the
fatty acids of tall oil sample No. 1 in Table A.. We can see that these
constants are very close to those of fatty acids present in soybean oil.

In fact, tall oil fatty acids still containing 1% resin'acids have the
following average composition: 50% aleic acid, 48% linoleic acid, and 27
saturated fatty acids.

If we now compare (Table B) the composition kin percent) of these tall
oil fatty acids with that of soybean oil fatty acids, we note a great

similarity in the composition of these acids.
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Table B
Resin | Linoleic Linolenic Oleic Saturated
acids acid acid acid acids
Z 4 A 4 A
Tall oil fatty
acids 1 48 0,5-1 50 2
Soybean oil
fatty acids
(12) absent 54 5 28 12,7

By subjecting such tall oil fatty acids to esterification with glycerol
an oil is obtained which, after refining, could possibly be used for nutri-
tional consumption as a seed oil. Illowever, with the same esterified oil,
eventually mixed with other animal or vegetable oils with low indices, it is

possible to obtain a commercial oil such as ''olive oil", in which its

chemical-physical constants can always be included into the very wide

constants presently accepted for the so-called "Rectified olive oils B,
Even a positive Morawski reaction is obtained, that is a characteristic
reaction for the classical ''Rectiffed olive o0il B, which should consist of
"oil extracted with solvents from olive husks, made edible by means of
chemical manipulations, etc.”

However, there 13 even more to it. TFraud can be carried out with
major scientific stfictness by using as raw material also any kind of
distilled tall oil. 1In fact, since modern methods for the separation of
single (individual) fatty acids are available today (13), it is possible to
isolate those fatty acids which are of major interest and to prepare from
them an esterified product with the characteristics of rectified olive oil
B, and it is probably impossible to trace back the true origin of this

product by means presently available to us.

-8~
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The incentive for such a new type of fraud 1s provided naturally by
the low cost of the raw material. The cost of crude tall oil does not exceed
80 lire/kg, and the cost of fatty aicds ranges at 150 lire/kg.

Since the fiscal rules to which various tall oil derivatives are subject
today are not sufficient to prevent their f:audulent uge in the nutritional
field, the only course remaining is to place controls on the fabrication
of esterified oils and fats. The enactment oﬁ such a measure is a necessity
which cannot be delayed any longer by this timé, if we wish to protect
effectively the health and the economy of consumers and the future of our
olive-tree cultivation.

Today, esterified oils prepared from a wide variety of raw materials
are sold under the designation '"'Rectified olive oil B". And since the law
of 1936, which is the primary cause of so many 1lls, allows the sale of a
mixture of rectified product B and pure olive oil as "Olive oil", without
specifying the ratio of this mixture, we have a commercial product sold
under the designation of "olive oil" which consists to a sreat extent, in
the most optimistic estimate, of a mixture containing 907 esterified oil and
10% olive pulp.

The 1936 law, in establishing the classification of olive oils, has
been truly inconsistent even during those days when esterified oils were
not available. In fact, this law claims the designation "olive oil" both
for olive oil obtained from pressing olives, provided that it has an
acidity between 2.5 and 4, as well as for a mixture consisting of "Rectified
olive oil B" and pure olive oil. And since, as was stated above, the ratio
of this mixture is not specified, the same designation includes both

virgin olive oil as well as oils obtained by chemical manipulations. This

-9~

113



.

,,,,,,,,

problem has been aggravated in recent years for different reasons.

An industrial chemical process not contemplated in the law of 1936 has

~ been in fact legalized. Indeed, not only has the direct esterification with

glycerol of low-acidity olive husk oils been officially admitted, but also
the esterification of fatty acids present in olive oil.

In this respect, Prof. D'Ambrosio has justly made the following declara-
tion at a recent meeting in Milano: ''The law of 1936 reserves the qualifica-
tion of rectified olive oll B to those oils obtained by processing, even
with chemical means, of olive pulp oils. In other words, in spite of what-
ever amplification made in the interpretation of the present law, the
limits are determined by an element of incontrovertible and unequivocai fact,
which applies namely, always and only, to oils and that these oils remain
at every and any moment of the industrial phase. Therefore, it is obvious
that the entire industrial activity of indirect esterification, that is to
say the activity affecting fatty acids, which certainly are not oils, is
contrary to the existing decrees of law'.

However, from a practical standpoint we can go even further because,
since it is not possible to determine analytically whether an esterified oil
is derived from olive oil fatty acids or from fatty acids of another origin,
we end up by approving the legal sale, under the designation of olive oil,
also of an esterified oil which has nothing in common with olive oil.
Vitagliano (14), when stating that olive oil is the only edible oil subjected
to re-esterification and that this process is cqmpletely ignored by the
seed oil industry, is perhaps unaware of what is going on today in the
field of edible oils and fats.

In fact, the esterification process is undergoing continuous

~10-
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development., Large amounts of seed oils are being produced by esterification;
in 1957, several hundred thousand kilograms 6f such oils were produced with
fatty acids especially imported from West Germany.

Cocoa butter for comestible use is prepared by esterification of coconut
and palm oil fatty acids. '"Pscudo fats'" (substitute fats) are prepared by
esterification of fatty aclds with ethylene glycol rather than glycerol (15)
And, as Doro (16) affirms, perhaps the time hgs already come for the appear-
ance of a synthetic oil prepared with fatty aéids obtained.by oxidation of
paraffin ﬁydrocarbous derived from coal by the Fischer-Tropsch synthesis.,

In conclusion, let us remember that the time has come to impose controls
on the production and sale of oils and fats obtained by esterification and

to review the official classification of olive oils established by R. D. L.

(?) of 27 September 1936, No. 1986. This 13 a requirement of a moral,

economic and sanitary order,

Central Chemical Laboratory of the Customs Service, Rome.

Received for publication on 30 June 1958.
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£Gi acidi grassi del tallol ed il loro impiego

. o

" in campo alimentare

. [ :

“Le frodi nel campo degli‘oli vegetali commestibili
vanpo sempre pitt dilagando e ormai Vindustria chi-
mica ¢ in grado di preparare oli vegetali partendo dalle
pit .disparate materie prime. Infatti di recente ¢ stato
accertato che gli acidi grassi provenienti dal tallol ven-
‘gono utilizzati per la produzione di oli esterificati che
possono essere immessi al consumo slimentare diretta-

mente come tali o in miscele con altri oli di semi o~

con olio di oliva, . .
. Htallad ( Svedese tall-pino) ¢ un sottoprodotto del-
“la preparazione dellu cellulosa al solfato dal legno di

. pino e la sua produzione’ ha avuto durante e dopo la

ultima guerra un forte sviluppo specialmente negli

~ U.S.A. per soddicfare al sempre crescente bisogno di

oli essiccativi e quindi di acidi grassi non saturi pet
la produzione di resine alchidiche, -pitture, vernici,
~saponi, ecc. ecc.

Nella preparazione della cellulosa al solfato si for-

- ma un liquido nero, sciropposo, { < sapone del liguore

nero » )} da cui, per azione dell’acido solforico, lavagpi
con acqua e decantazione, si ottiene il tallol greggio
costituito da una miscela di acidi grassi, acidi resinici
e sostanze insaponificabili. Le percentuali di tali coni-
ponenti variano secondo il tipo di legno usato ¢ la sua
tegione di origine. Ma Pindustria riesce a ridurre al

minimo tali variazioni, ricorrendo a opportune miscele.

e mette cos\ il commercio dei tallol greggi in cui le

percentuali degli acidi grassi e resinici varianc in pilt

o in meno del 23% e l'insaponificabile dell'l% al
massimo. ‘ .

Poicheé i singoli componenti del tallol greggio han-
no avutc un sempre maggiore campo di applicazione,
I'industria chimica, sottoponendo il tallol greggio a
distillazioni frazionate, ¢ riuscita a produrre diversi tipi
di tallol distillati { con diverse percentuali di acidi gras-
si e resinici) fino ad ottenere acidi grassi quasi’ privi
di acidi resinici (1%) e acidi resinici quasi privi di
acidi grassi {1%).

1! tallol greggio secondo Hezel (1) & costituito dal
30-50% di acidi resinici, 60-45% di acidi grassi, 1-6%
di acidi grassi e resinici ossidati, 1-10% di insaponif-
cabile. o S

Gli acidi grassi del tallol sono costituiti principal-
mente da aciﬁo oleico, linoleico e piccole quantith di
acidi grassi saturi fra cui il palmitico e il lignocerinico,
H. Niessen (2) fra gli acidi non saturi ha identificato
con sicurezza anche il linolenico mentre Browning e

*aikin ¢ 3) Fra i non saturi ricordano il ricinoleico e
il brassidico, e, fra i saturi, il palmitico, il laurico, il
miristicu e il lignocerinico.

©i.  FELICE PAOLINI -~ .

Gli- acidi resinici del tallol sono simili a quelli della

colofonia e F. J. Ball e W. J. Vardell (4) con ana-
lisi ‘spettrofotometrica hanno dimostrato che circa la
metd degli acidi resinici & costituita da acido abietico

e neoabietico. Sono inoltre presenti altri acidi resinici

che differiscono dall’acido abietico- nel numero o nella
posizione del doppi legami.o nella struttura della cate-

na: acido deidroabietico, tetraidroabietico, d-pimarico,

"isod-pimarico. _ o
L'insaponificabile contenuto nel ‘tallol & costituito
principalmente da una miscela di idrocarburi, alcoli a
lunga catena e steroli. Fra gli idrocarburi sono pre-
senti I'abietene. i diterpeni, i polimeri terpenici e i
polimeri degli acidi resinici decarbossilati; fra gli alcoli,

Valcole lignocerilico e fra gli steroli il beta-sitosterolo.

Naturalmente durante la distillazione del tallol lc :

sostanze insaponificabili distillano a seconda del foro
punto di ebollizione. _ :
L'abictene passa’con le frazioni di testa, gli sterch
e gli altri alcoli a punto di chollizione pitt alto riman-
gono nella pece di tallol. Pertanto i tallol distillati e
gli acidi grassi di tailol sono privi di steroli e di alcoli
ad alto punto di ebollizione. facini {5) in uno studio
sull'utilizzazione del tallol e sull'isolamento di alcune
sterine, afferma che non ci sono dubbi sulla identita

delle fitosterine da tallol con la fitosterina- ricavata da -
altri vegetali (es. soja) e in un altro studio (6) sulla

pece di un tallol italiano, contrariamente a quanto
affermate da Sandquist, non ha trovato alcole ligno-
cerico ma alcole arachico normale. ’

La pece di tallol, ricca in steroli, & diventata quindi .

una materia prima importante per la produzione del
beta-sitosterolo impiegato nella sintesi dei sei ormoni
e di altri composti biologicamente attivi. Sempre Jaci-
ni (7) descrive un metodo pratico di estrazione delle
sterine dal « sapone solfatico » del tallol ¢ la successiva
ossidazione e deidroandrosterone della miscela tecnica,

ottenuta dalle sterine non particolarmente purificata o

frazionata, 3

Da quanto sopra & evidente che l'importanza del
tallol, viene accresciuta fortemente per il fatto che esso
ci offre la possibilith di utilizzare le sterine di origine
vegetale, al posto della colesterina, nella preparazione
di alcuni ormoni, partendo da materie prime di basso
cdsto.

Le applicazioni industriali del tallol greggio e dei
suoi derivati sono quindi oggi numerose e sicuramente
I'industria chimica riuscird con il tempo ad ampliare il
loro gia vasto campo di impiego.

25
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Che pero Uindustria utilizzasse tali prodotti anche
in campo alimentare, fino a due o tre anni fa non cra
pensabile. Purtroppo ogai tale utilizzazione & divenuta

una amara realta e Vinceativo a tale illecito uso & il.

coste di tali prodotti. natevolmente inferiore a quello
degli oli vegetali naturali.

Per una migliore conoscenza della composizione
dei derivati del tallol e quindi della possibilita del loro
impiego in'campo alimentare, riteniamo utile riportare
(Tabella A) i dati analitici ottenuti dall’esame In alcu-
ni campioni di tallol importati dalla Germania, Svezia
e Stati Uniti. 1 valori delle costanti analitiche riportate

rappresentano la media dei valori ottenuti dall’analisi.

di numecrosissimi campioni; infatti abbiamo potuto
constatare che non sempre si ottengono i medesimi va-
lori pur Iiartendo da campioni aventi una stessa per-
centuale di acidi resinici ¢ di acidi grassi. Le lievi diffe-
renze riscontrate dipendono dal tipo di legno impiegato,
dalla regione di origine e dal processo di fabbricazione.

Inoltre, mentre conunercialmente la denominazione
di « acidi grassi del Tallol » si riferisce ai tallol distil-
lati che contengono fino al 4% di acidi resinici, noi
sotto la stessa denominaziene comprendiamo i tallol
distillati contenenti fino al 10% di acidi resinici. Infat-
ti il Ministcro delle Finanze, preoccupato del dilagare
delle frodi nel campo degli oli alimentari e prevedendo
una utilizzazione in campo alimentare anche dei deri-
vati del tallol, stabili fin dal 1956 che i tallol distillati
contenenti una percentuale di acidi resinici uguale o
inferiore a 10 venissero doganalmente classificati sotto

la voce di Tariffa 145-b: « Acidi grassi » ¢ pertants
soggetti alla disciplina fiscale stabilita con il 1. L. 31
ottobre 1956, n. 1194,

Gli acidi resinici dei vari campioni di tallol sor.
stati determinati per via chimica. A tale scopo esiston
vari metodi: di Wolff (8), di A. Linder e V. P
son (9), di Herlinger e Compeau (10), di N,
Nicol (11). -

1 migliori risultati si sono ottenuti seguendo il mc
todo Hertdinger e Compeau per tallol con un conte
nuto in acidi resinici non superiore al 15%, ed il me
todo Me. Nicol per iallol con pit del 15% di acid:
resinici. Infatti il metodo Wolff non da buoni risultan
per tallol contenenti piccole percentuali di-acidi resi-
nici e lo stesso inconveniente presenta il metodo di A,
Linder e V. Person sebbene esso costituisca certamente
un progresso rispetto ad altri metodi perché nella for-
mula introduce dei termini correttivi empirici.

L'insaponificabile dei tallol ¢ stato determinato con
il metodo AST M - D 1065.

La percentuale degli acidi grassi' contenuti in un
taliol & data da: :

% acidi grassi = _iOO - R:{;l )

1
t

~dover - R = percentuale depli acidi resinici

B

I = percentuale dell'insaponificabile

I campioni dal n. 1 al n. 8 hanno I'aspetto di k-
guidi oleosi, di colore giallo pagherino che si intensi-
ca leggermente con laumentare degli acidi resinici.

TABELLA A

Costonti di alcuni tipi di tallol distillati e di un tallol greggio

7’
Tipo di tallol |Grado rifrat-| Indice di . Acidi Acidi Insaponi-
e numero. di jtometrico a! rifrazione N. I N. A, N. 8 resiniei grassi ticabile
riferimerita 250 a 250 Wyis % % %
. . -
1. Ac, grassi : i : . :
di tallol 62 1,4690 132 - 195 t 197 1 o7 -2
2. Ac. grassi - R
- di tallo} 63 1,470 134. 164 : 196 2 95,5 . 25
3. Ac. egrassi : - o o
di tallol 69 1,4715 136 192 . 193 35 '93.5_ 8
4. Ac. grassi : C i : B . :
di tallo} 74 1,4770 135 185 . 195 ‘ 5 93 .2 g
5. Ac, grassi | ‘
di tallol 83 1,482 128 185 " 190 10 88,5 15
6. Tallol di- ' ‘ '
stillato 85 1,483 125 178 Lo 188 15 . 84 1
7. Tallol @i : ' i
stillato 89 1,485 135 188 \ 190 21 TS5 1.5
8. Tallol di- S
stillato 93 1,488 158 190 i 192 2 66,6 1,5
9. Tallol " ! = '
greggio — — 168 168 175 45 . B0 )
| ’ -
26 '
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L'odore & quello di una sostanza grassa per i primi 5
campioni; col campione n. 6 si comincia a sentire il
caratteristico odore resinoso, che va leggermente au-
mentando negli altri campioni.

Il n. 9 & un tallol greggio, che si presenta come
un liquido oleoso pitr denso degli aitri e che frequen-

temente ha un deposito di cristalli di acidi resinici, .

con odore fortemente rcsinoso. 11 peso specifico dei vari
tipi di talla] in media va da un minimo di 0,900 ad
un massimo di 0,985,

Dall’esame della tabella si rileva che il grado rifrat-
tometrico e 'indice di ritrazione dei vari campioni au-
mentano con I'aumentare degli acidi resinici e tale con-
statazione & molto utile acli effetti della classificazione
doganale del tallol, perche in breve tempo si puo con
una buona approssimazione stabilire il contenuto per-
centuale degli acidi resinici.

E' interessante ora soffermarci sui dati analitici rile-
rentesi al campione di acidi grassi riportati al n. 1 della
tabella A, Si vedra che tali costanti sono molto vicine
a quelle degli acidi grassi dell’'olio di soja. Infatti ghi
acidi grassi del tallol contenenti ancora 1'1% di acidi
resinici hanno in media la seguente composizione:
acido oleico 50%%; acido linoleico 48% ; acidi grassi
saturi 2%, : .

Se ora confrontiamo (' Tabella B} la composizione
centesimale di tali acidi grassi del tallol con quella degli
acidi grassi dell'olio di soja, notiamo che vi ¢ una
grande analogia fra loro.

Sottoponendo ad esterificazione con glicerina tali
acidi grassi del tallol si otterrd un olio che dopa raffi-
nazione potrebbe essere immesso al consumo alimentare
come olio di semi. Ma con lo stesso olio esterificato,
miscelatn opportunamente con altri oli di origine ani-
male o vegetale a bassi indici, si pud ottenere un olio
commerciabile come ¢ olio di oliva » in quanto le sue
costanti chimico-fisiche potranno sempre rientrare fra
quelle, molto ampie, oggi accettate per i cosiddetti
« Oli di oliva rettificati B ». Anzi dard positiva anche
la Morawski, reazione questa caratteristica del classico
« Olio di oliva rettiticato B » che dovrebbe essere costi-
tuito « da olio estratto con solventi dalla sansa di oliva,
reso commestibile mediante manipolazioni chimiche
ece., ecc. ». .

Ma c'¢ di piu. La frode puod essere attuata con
maggior rigore scientifico usando come materia prima
anche un qualsiasi tipo di tallol distillato. Infatti, poi-
che esistono oggi moderni metodi di separazione dei
singali acidi grassi (13), si possono isolare gli acidi
arassi che pil interessano e preparare con essi un este-

I O

rificato con le caratteristiche dell’'olio di oliva rettif-
cato B e non & possibile forse con i mezzi attuali risa-
lire alla sua vera origine.

L'incentivo a tale nuova forma di frode & natural-
mente dato dal basso costo delle materie prime. I tallol
greggi hanno un costo che non supera le 80 lire al kg.
e quello degli acidi grassi si aggira sulle 150 lire.

E poiche la disciplina fiscale cui sono oggi sotto-
posti i vari derivati del. tallol non ¢ sufficiente ad im-
pedire il loro impiego fraudolento in campo alimen-
tate, non rimane che porre sotto controllo la fabbri-
cazione degli oli e dei grassi esterificati.

I’emanazione di tale provvedimento ¢ ormai una
necessitd improrogabile, sc si vuole effettivamente pro-
teggere Ja salute e l'economia del consumatore e I'av-
venire dclla nostra olivicoltura. '

Oggi gli oli esterificati, preparati con le pitt diverse
materic primie, vengono venduti con la denominazione
di « Olio di oliva rettificato B ». E poiche la legge del
1936, causa prima di tanti mali, permette di vendere
conte « Olio di oliva » una miscela di rettificato B con
olio fino di oliva senza stabilire i rapporti della miscela,
abbiamo in commercio sotto la denominazione di « Olio
di oliva » un prodotto che in notevoli quantitd & costi-
tuito, nella piu rosea delle ipotesi, da una miscela del
90% di esterificato ¢ 10% Ei polpa di oliva.

La legge 1936, nello stabilire la classifica degli oli
di oliva & stata veramente incongruente anche per quei
tempi in cui non csistevano gli esterificati. Infatti tale
legge riserva la denominazione di ¢ Olio di oliva » sia
all’olio di oliva ottenuto per pressione dalle olive, pur-
che abbia una aciditd compresa fra 2,5 e 4, sia ad una
miscela costituita da ¢ Olio di oliva rettificato B » con
olio fino di oliva. E poiché come si & gia detto, non
stabilisce i rapporti di detta miscela, Ia stessa denomi-
nazione vale sia per un olio di oliva vergine che per
un olio ottenuto con manipolazioni chimiche.

Il problema si & aggravato in questi ultimi anni
per diverse ragioni,

Un processo chimico industriale non contemplato
nella legge del 1936 & stato di fatto legalizzato. Infatti
non solo e stata ammessa ufficialmente la esterificazione
diretta con glicerina di oli di sansa a bassa acidita ma
anche la esterificazione di acidi grassi di olio di oliva.

E a questo proposito il Prof. D’Ambrosio in un
recente convegno tenuto a Milano ha giustamente di-
chiarato: « La legge del 1936 riserva la qualifica di
olio di oliva rettificato B a quegli oli ottenuti dalla
lavorazione, anche con mezzi chimici, degli oli di san-
sa. In altre parole, malgrado qualunque dilatazione

TABELLA,B
Ac. resinici Ac. linoleico Ac. linolenico Ac. oleico Ac, saturl
: % % % % %
i Acidi grassi del
! tallol 1 48 0,5-1 . 50 2
Acidi erassi del-
I'olio di soja (12) assente 54 5 28 127
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nellinerpretazione della legee attuale, il limite ¢ sta-
bilito da un elemento di fatto incontrovertibile ¢ ine-
quivocabile, che si agisca ciot, sempre ¢ soltanto, sugli
oli e che tali restino in ogni e qualsiasi momento della
fase industriale. 1’ ovvio quindi che tatea l'attivita
industriale di esterificazione indiretta. vale a dire quel-
la nperante sugli acidi grassi, che certamente non sono
oli, ¢ contraria alle vigenti disposizioni di legge ».
Praticamente perd si va ancora oltre perche, dato
che non & possibile analiticamente stabilire se un olio
esterificato proviene da acidi grassi di olio di oliva o
da acidi grassi di altra origine, si firisce con il consen-
tire la vendita legale con la denominazione di olio di
oliva anche di un olio esterificato che non ha nulla
a che vedere con Volio di oliva. Vitagliano {14)
quando afferma che 'olio di oliva & Funico olio ali-
mentare ad essere sottoposto alla riesterificazione e che

Vindustria degli oli di semi la ignora completamente. .
non & forse al corrente di quanto oggi avviene nel

campo degli oli e grassi alimentari.

Infatti il processo di esterificazione & in continuo
sviluppo. Forti quantitativi di oli di semi vengono pre-
parati con Vesterificazione. Nel 1957 ne sono stati pro-
dotti diecine i migliaia di quintali con acidi grassi
importati specialmente dalla Germania Occidentale.

Si prepara burro di cacao, per uso alimentare, este-
rificando acidi grassi di cocco e di palma.

Si preparano ¢ pseudo-grassi » per esterificazione
di acidi grassi con glicole etilenico anziché con glice-
rina (15). E, come afferma Doro 16), ¢ forse gid
arrivato {’olio sintctico preparato con acidi grassi otte-
nuti dalla ossidazione di idrocarburi paralfinati prove-
nienti dal carbone mediante la sintesi Fischer-Tropsch.

Per concludere riteniamo che sia giunto il momen-
to di porre sotto controllo la produzione ¢ la vendita
degli ofi e grassi ottenuti per esterificazione e di rive-
dere Ia classifica ufficiale degli oli di oliva stabilita con
il R. D. L. 27 settembre 1936, n. 1986,

E’ questa una esigenza di ordine morale, economico
e sanitario. ’

Laboratorio Chimico Centrale
delle Dogane e 1I. - Roma
Ricevuto il 30 giugno 1858
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Abstract

The nutritional properties of tall oil fatty acids have been investigated using rats
as experimental unimals. The effects of tall oil fatty acid distillate and its ethyl and
ghyeeryl esters on the growth rate, food consumption, reproluction and longevity
of the rats, on the absorbability and on the fatty acid comnpositions of adipose
tissne, plasma, liver and feeal lipid fractions were investigated.

Muinly weanting male rats woere nsed in the growth and absorbability experiments
andd both male and fomale rats in Iong-term and reproduction experiments. The organs
from which lipids were extracted for the determination of fatty acid compositions
were from full-grown rats. The semisynthetic diets that were given to the animals
contained fut at levels of 13, 30 or 6095 of total ealories.

The results indieated that tall oil fatty acids contain some toxie factor, the effects
of which were a retardation of growth, disorders of the skin and fur, and even death
when the tall oil fatty acid content of the diet was 60 cal 9.

When more coffectively refined tall oil glycerides were fed, the growth-retarding
offoct of the toxic factor was clearly weaker. Hydrogenation of tall oil fatty acid
alyeerides apparently improved the nutritional properties of the product.

Histopathological investigations of animals fod hydrogenated tall oil fatty acid
glycerides revealed o couple of cases of thyreoiditis and a few cases of degenerated
liver parenchyma and swollen tubular eells, which were, however, relatively minor.

Determirsition of the absorbability of the tall oil fatty acid preparations tested
indicated that they were absorbed to the extent of 93-05%.

The growth-retarding factor is evidently produced from the highly unsaturated
fatty acidy in the tall oil by the clevated temperatures used in the pulping and tall
oil distillation processes,

Gas-chromatographic determinations of the fatty acid compositions of the adipose
tissue, plasma, liver and fecal lipids from rats given tall oil fatty acid distillate showed
that ¢is-5,0,12-0ctadecatrienoie acid, which is a typical tall oil fatty aeid, accumulated
in the fecal lipids. Only minor amounts of this acid were detected in th> organ
lipids.

I. INTRODUCTION

Tall oil, which is a by-product of the sulphate pulp manufacturing

-process, is a mixture of resin and fatty acids. As the cellulose industry

has expanded, the amount of crude tall oil produced has risen appreciably
in the last few years. A large part is exported in crude and refined grades.
The crude tall oil can be separated into resin acid and fatty acid fractions
by distillation. The resin acids are used almost entirely Ly the domestic

i i

S
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paper industry whereas the fatty acid fraction is used primay , - 1 the paint
aud detergent industries.

The tall oil fatty acid distillate resembles several seed oils in fatty acid
composition. The main components are oleic and linoleic acids, which
alone comprise ahout four fifths of the total acids. The unique feature of
tall oil is the presence of ¢5-5,6i5-9,cis-12-octadecatrienoic and cis-5,¢1s-11,
cis-14-eicosatrienoic acids since the locations of the double bonds in these
acids differ from the locations of the double bonds in the ocladecatrienoic
and eicosatrienoic acids of natural fats. The presence of physiologically
important Cq polycthenoids in tall oil has led to the assumption that tall
oil fatty acid distillate may prove to be an economically advantageous
domestic source of these acids for the manufacture of fodder and food fats.

The effect of tall oil fatly acids incorporated in the fodder of dairy
stock and poultry has been extensively investigated by M. Antila and
V. Antila and coworkers.

The present study was undertaken to determine the effects of tall oil .

fatty acids on albino rats. Growth, food consumption, reproduction and
longevity experiments were carried out with the rats which were given
different amounts of tall vil fatty acids as such or as their cthyl and glyeeryl
esters. In addition, the fatty acid compositions of some organ lipids were
determined. Dictary fats are metabolized or stored in different tissues
according to their roles in lipid metabolism. An attempt was made to
follow the fate of the cis-5,9,12-octadecatrienoic acid in the lipids of rat
adipose tissue, blood plasma, liver and feces.

II. TALL OIL
A. The isolation of crude tall oil

The alkaline sulphate pulping process, which is known as the Kraft
process, in addition {o its primary purposc of dissolving the lignin which
binds the cellulose fibers together, also saponifies the fatty acids and
resins of wood. Since pine wood, which is rich in resins, is the most important
raw material, futty acid and resin soaps are produced in large quantities.
The soap is contained in the spent cooking liguor, which is known as black
liquor. After pulping, the cellulose is washed to separate the black liquor
from the pulp as effectively as possible. The black liguor is usually concen-
trated in multiple-effect evaporators to a point where it ean be hurned in
speeial hoilers for the recovery of inorganie salts and the production of
steam. After the evaporation stage, when the black licuor has been concen-
trated to a solids content of 25—300, it s passed to coap skimineis wheic

".._J
W
™o

FErT



o

o

b

.

o

LR N

y
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the major portion of the soap is salted out and rises to the surface from
which it is skimmed off, The skimmings contain 609, soap, which is the
starting material for the production of crude tall oil.™*

When the sulphate pulping process was developed in 1834, there was

hardly any interest in the recovery of the fatty matter in the wood. The
black tarry soap was washed from the pulp and discarded. Later it was
found that this material could be burned for the recovery of inorganic
salts. In 1895 Lonneberg separated tall oil from the black liquor by adding
acid or salt.? At the beginning of this century tall oil was recognized as a
valuable by-product of the pulping industry. The development of tall oil
production was not very rarid before the end of the Second World War,
but the manufacture and utilization of tall oil have subsequently incrensed
at a phenomenal rate. -
- The original method of isolating crude tall oil, which consisted in
treating the black liquor skimmings with dilute sulphuric acid, was a batch
process. The reaction was carried out in a large wooden tank at temperatures
of 03—99°C; this batch process is still used with minor improvements.
Steam is used for heating and agitating the mass. The acidulated mixture
is then allowed to settle by gravity and the crude tall oil is decanted off,
washed with sodium sulphate solution or water to remove sulphuric acid
residues and then heated to remove the water. The residue contains, in
addition to spent sulphuric acid, lignin derivatives and inorganic salts.
The wash solution is drawn off and combined with the alkali recovery
liguors of the pulp mill. The batch process is preferred by small factories,
since maintenance and operation costs are low. The tall oil recovered in
the batch process amounts to about 88-—909%, of the available oil.>*

A semicontinuous process for the recovery of tall oil was developed in
the early 1950’s. In this process the acidification was done batchwise, but the
separation of the crude tall oil from the spent acids and lignin derivatives was
carried out continuously in a nozzle-type centrifuge. The chief advantage
of this process is the elimination of the gravity settler with a correspondingly
higher yield, 96—979, and an improved quality of crude tall oil.2

Sullivan® developed a continuous process in which a proportioned amount
of dilute sulphuric acid is added continuously to the settled black liquor
skimmings. This acidulated mixture is screened to remove fibers and
gases such as hydrogen sulphide, mercaptans and sulphur dioxide produced
in the reaction. After this screening, the mixture is separated continuously
in a nozzle-type centrifuge. Several improvements have been made in the
basic process in the last few vears. These include more accurate proportioning

of the reagents and controlled mixing and degasification.*® The introduction

of a new type of centrifuge known as the self-cleaning centrifuge has made

the separation of crude tall oil even more economical and effective. This .
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is a big advantage over the old nozzle-type centrifuge, where fibers caused
much plugging.?

The amount of crude tall oil produced in Finland has steadily increased
along with the growing pulp industry and was about 76 000 tons in 1967,
This cannot be exceeded very much in coming years, because the availa-
bility of wood for pulping is limited. Over 23 000 tons of tall oil was
exported, the domestic use of unrefined tall oil was 5 700 tons, and the
rest was refined by distillation.? It may be mentioned that the world
production of crude tall oil is estimated to be about 750 000 tons of which
the United States alone produce about 500 000 tons. These estimates do
not include the production in Eastern bloc countries, because no reliable
statistics are available. The average yield of crude tall oil per ton of pulp
is 30 kg in Finland, but the highest yields have been over 60 kg of tall
oil per ton of pulp.*’ In Sweden the maximum yield is 70 kg per ton and
in the United States the maximum yield is even higher, 100—120 kg per
ton of pulp.3 ’

B. Composition of crude tall oil

The compositions of crude Finnish tall oils are according to Elovaara®:

Fatty acids ‘ 40709,
Resin acids 30459,
Unsaponifiable matter (neutral substances) 5—-209%

The following range of composition of American crude tall oil from a con-
tinuous acidulation system is given by Thrush?:

Fatty acids (mainly C,, acids) . 30-359,
Saturated fatty acids 65— 7%
Resin acids . - 35--609
Unsaponifiables §~-109,

As shown by these figures, there are great differences in the compositions
of crude tall oils. Several factors affect the composition; such are the
geographic site of growth, the season when timber is felled and the time
and method of storage of wood. The yields of tall oil are higher in northern
Finland than in the southern part of the country, and also the resin acid
content of the tall oil is higher in the north 8 There is also a difference in fatty
acid composition in that the fatty acids in the tall oil from northern Finland
include more unsaturated (i, acids, which makes the Finnish tall oil more
valuable than, e.g., North American tall oil. Sarkanen and Kahilal? deter-
mined the compositions of several erude tall oil samples from northern and
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southern Finland. The ranges of the fatty acid fractions were found to
be as follows: ‘

‘Northern Finland Southern Finland
Saturated acids 6.3--.6.89, 8.3—18.39,
Oleic acid 28.0—37.09% 32.0—43.0%
Linoleic acid 55.0— 64.09 38.0—57.09,
Linoknic acid 0.9~ 2.0% 0.5— 1.09

Several investigations have dealt with the effect of storage of wood
on the yield and composition of crude tall oil. Kahilalt investigated the
effect of a storage period of five years on land and in water. The yield
of tall oil gradually diminished to about 50% on storage on land and
to about 70%, on storage in water. Cowart ef. al.™® found a storage time of
12 weeks to reduce the yield of tall oil from pine roundwood approximately
11%; during the same time the reduction in the yield of tall oil from slab-
wood pine chips was 649. The loss was predominantly due to loss of
fatty acids. Nordin and Selleby™® investigated the effect of storage time
on chips made from either green wood or stored roundwood and found
that the yield of crude tall oil from green wood chips was considerably
lower than the yield of tall oil from roundwood chips stored for the same
time. If the storage took place during the cold season, the reduction in
tall oil yield from the roundwood was considerably smaller, but indoor
storage (20°C) led to almost the same rate of tall oil loss as chip pile storage.

The main reason for the decrease in yield during storage of pulpwood
is oxidation or some other modification of the wood extractives. Mainly
the fatty and resin acids are modified in such & way that they hecome
soluble in the black liquor and are not separated with the sulphate soap.14

The composition of the fatty acid fraction of tall oil is discussed in
detail later in this chapter. The other components of crude tall oil are the
resin acids and unsaponifiable matter. Pine wood extract contains large
amounts of levopimaric, abietic and neoabietic acids, smaller amounts of
dehydro-, dihydro-, dextro- and isodextropimaric acids, and only traces
of tetrahydroabietic acid.’® The pulping process and the decomposition
of the soap skimmings with sulphuric acid changes the composition of
resin acids greatly. Levopimaric acid disappears almost completely, the .
amount of abietic acid is doubled and the amount of dihydro- and tetra-
hydroabietic acids increases even more, but the amount of the other acids
remains unchanged. Resin acids of the abietic type contain a conjugated
double bond system, which is missing in the pimaric type, and this structural
difference is probably the reason for the difference in stability of the two
types. :
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As mentioned, the total amount of unsaponifiable neutral substances
in crude tall oil is 5—209%. The main components are hydrocarbons and
sterols.’ Lignoceryl and aracinal alcohol, «- and f-sitosterols, stigmasterols
and aliphatic and alicyclic hydrocarbons have been isolated in pure form
from the unsaponifiable matter.3

C. Distillation of tall oil fatty acids

Crude tall oil can be used as such for certain purposes, but generally
it is distilled or refined in some other way in order to obtain fatty and
resin acids as pure as possible.

For the separation of fatty acids and resin acids, methods based on
the use of solvents, saponification,!” partial esterification,® countercurrent
distribution (Solexol processy® and crystallization of individual fatty
acids'®?*?! have been applied. Most of these methods have only theoretical
significance. The most important method is without doubt the distillation
of crude tall oil. So far as is known, the first distillation plant was built
in Finland in 1912 by A. Hellstrém.2 The main product of this establishment
was distilled tall oil which consisted of both fatty and resin acids and
which was used for the production of potassium tall oil soap.

Simple distillation can be used, but the separation of different fractions
is incomplete,” and therefore fractional distillation has gradually replaced
it in the tall oil industry all over the world. In Finland only fractional
distillation is used.® '

The distillation is carried out as quickly as possible and at as low a

temperature as possible to prevent thermal decomposition. Particularly -

fatty acids decompose easily when subjected to high temperatures. The
first step is usually the formation of anhydrides with loss of water. When
the temperature is increased further, ketones and hydrocarbons are formed
with loss of carbon dioxide. Unsaturated fatty acids form partly nonvolatile
polymers and all these reactions together impair the quality of the tall
0il and reduce the vield. Injected steam and reduced pressure arc used
to prevent thermal decomposition during distillation and also to suppress
anhydride formation. The temperature is kept at approximately 230°C}
The main components of the fractional distillation plant of Oulu Oy are
the following.8 Four coluinns made of high quality acid-proof stainless stecl
are used for distillation. The columns are heated from the hottom with
electric resistances and the vacuum is produced by a steam jet ejector.
The pressure at the heads of the columns is only about 1 mmHg. The
crude tall oil is pumped into the first column and the undistilled tall oil

pitch, which contains the colored impurities of crude tall oil, is removed.
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from the bottom of this column. The distillate from the top of the column
contains the main part of the fatty and resin acids of the crude tall oil and
some of the neutral substances. The distillate is fed to the next column,
where the resin acids, which have higher boiling points than the fatty acids,
remain on the bottom and are removed. The fatty acids and a small amount
of resin acids and neutral substances rise to the top of the column and pass
to the third column. The distillate from the third column is relatively
small in volume and this tall light oil consists mainly of neutral substances
and palmitic acid. The main part is passed to the fourth column, the so-
‘called fatty acid column. From the top of this column some tall light oil
distillate is fed back to the third column to maintain the purity of the main
fraction as high as possible. In order to reduce the resin acid content of
this fatty acid fraction to a minimum, the more resinous distillate is removed
from the bottom of this column. Previously the resin acids were allowed to
separate by crystallization and the vield was relatively high, about 979
of the resin acids, but nowadays the economical resin acid distillate is pre-
ferred to the more expensive crystalline resin in products.

The composition of the fatty acid distillate of Oulu Oy is as follows:

Fatty acids more than $59,
Resin acids less than 29,
Neutral substances less than 39

The resin acid fraction contains 919/ resin acids, 3%, fatty acids and
6% ncutral substances. _

Barnes et al.! have given the following figures for an American tall oil
fatty acid distillate: '

Fatty acids 99.29,

Resin acids 0.59%
Unsaponifiable matter - 0.89,

D. Composition of the tall oil fatty acid distillate

Structural and quantitative changes occur during the processing of
the tall oil fatty acid distillate, so that its composition may vary considerably.

According to different investigations, the proportion of saturated fatty
acids, palmitic, stearic and myristic acids, varies between 5 and 119,

although even higher proportions have been observed. ‘Palmitic acid
dominates the saturated acids, During the distillation the saturated acida
mainly distill with the tall light oil. :

The main unsaturated components of tall oil fatty acids are unsaturated
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Cys acids. The amount of oleic acid varies from 25 to 409 and that of

- Bnoleic acid from 35 to 50%,. Linolenic acid had not been detected earlier,

but modern methods have revealed that there is 0.5—29%, of linolenic
acid.18 . ‘

The fatty acid composition of Finnish tall oil fatty acid distillate has
been extensively investigated during the last few years. The main reasons
are the growing importance of the tall oil distillate in the chemical industry
and the fact that modern analytical methods give more accurate results.
Aho et al.® determined the composition of a tall oil distillate from the Yhty-
neet Paperitehtaat Oy Valke. Their analytical results are presented in
Table 1. A particularly interesting feature is the presence of almost 109 of
cis-5,9,12-octadecatrienocic acid among the fatty acids. The chemical struec-
ture of this acid was determined hy oxidative degradation with ozone, when
fragments consisting of C;, C, and C; dicarboxylic acids and a C¢ monocar-
boxylic acid were detected. The acid contains the exceptional grouping

Table 1.

The fatty acid composition of Finnish tall il fatty acid
distillate (Yhtynect Paperitehtaat Oy Valke).

Myristie acid < 0.19,
Palmitic acid . L4
Stearic acid 0.3
Pahnitoleie acid ) ] < 0.1
Oleic acid . i 40.9

- Linoleic acid 38.4
Linolenic acid < 0.1
Saturated C,; (branched) - 1.2
Saturated €, - 01
Monounsaturated Cy; (branched) < @1
Monounsaturated C,, < 0.1
Monounsaturated C;, (branched) 0.3
Monounsaturated C,, < 0.1
Diunsaturated C,, < 0.1
Diunsaturated C,, . - L5
Diunsaturated C,, (¥) 1.1 -
Diunsaturated C,, (%) 0.7
Triunsaturated Cp (ci3-5,9,12) 9.9
Triunsaturated C,, 0.6
Triunsaturated 1.3

Triunsaturated C,, 11
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= CH-—CH,—CH,—CH =. Lehtinen ef «l.2 separated the same acid from
the fatty acid distillate from Oulu Oy. In 1963 a third group of Finnish
investigators?” confirmed the stiucture of this fatty acid. Tall oil fatty acid
distillate contains also other fatty acids of exceptional structure. Lehtinen

et al. isolated c¢is-3,9-octadecadienoie acid,® cis-5,11,14-eicosatrienoic acid,?

cis-11-eicosenvic' acid and a mixture of conjugated trans-9,trans-11-octade-
cadienoic and trans-10,trans-12-octadecadienoic acids.® The last two com-
pounds are probably secondary and are formed during the sulphate pulping
and tall oil distillation processes. A

Assarson and Akerlund® investigated the occurrence of ci5-5,9,12-
octadecatrienoic acid in different coniferous species and found that the
extractives of spruce (Picea excelsa) cortained about 209%, and the extractives
of pine (Pinus silvestris) 17%, whereas no cis-5,9,12-octadecatrienoic
acid was found in juniper (Juniperus communis).

III. USE OF TALL OIL FATTY ACIDS IN FODDER AND FOOD
A. Eerlier investigations

Because of their favorabie price, tall oil fatty acids have been used in
products where they excellently replace the mors expensive linseed and
soybean oils. To date there have heen only few investigations into the
possible use of tall oil fatty acids in the production of edible fats and

animal fodders, but the problem has attracted great interest.

Sheely and Potts?* considered the best quality fatty acids of tall oil
to be so bland and light in color that if they would be esterified with
glycerol, they might well make a good salad eil.

According to Paolini® tall oil fatty acid glycerides have been used to
adulterate natural oils. These glycerides have been mixed with olive and
other seed oils. Paolini mentions also that individual tall oil fatty acids
have been separated by modern methods and esterified to oils, which
have been sold as olive oil of B class. The reason for this is the low price of
the tall oil fatty acids.

M. and V. Antila with coworkers have during several years investigated
the suitability of the fatty acid distillate of tall oil and its derivatives,
primarily the ethyl esters, as ingredients of different fodder mixtures for
dairy stock and poultry. The reasons for investigating the problem have
been partly economical and partly technical. In order to.increase milk
and egg production, foreign soybean and linseed oil cakes have been im-
ported to Iinland. At the same time the domestic wood-processing in-
dustry produces as a by-product tall oil fatty acid distillate of high quality
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avhich .resembles the oils of many plants in fatty acid composition. On

the other hand, as ethyl alcohol, a by-product of the manufacture of sul-
phite cellulose, is relatively cheap and the fatty acids of tall oil are relatively
easily esterified with ethyl alcohol, the investigations were concentrated
on a study of the properties of the ethyl esters of the distilled fatty acids.

Another fact associated with this problem is the change in consistency
of dairy butter during the indoor feeding period, when butter contains
relatively low levels of unsaturated fatty acids.® It is known that by
incorporating oils.in fodder it is possible to keep the fat of the milk as soft
during the indoor feeding period as during the pasture feeding period.
 Antila et al.% ysed 3% of ethyl esters of tall oil fatty acids in fodder
in their experiments with milch cows. If the amocunt was higher, it lowered
slightly the milk production and the amount of milk fat. When ethyl
esters of tall oil fatty acids were mixed wit] dried grass meal, the carotenoids
of the grass meal probably acted as effective antioxidants and retarded
the oxidation of the esters. The inclusion of ethyl esters of tall oil fatty
acids in the fodder had no effect on the protein content of the milk, but
led to a significant increasec (10 units) in the iodine value of the milk fat.
Determination of the fatty acid composition of the milk fat revealed
that the amount of palmitic acid had decreased and that of oleic acid had
increased. The observed increase in iodine value is probably due to this
fact, 3¢ ‘

A separate experiment? was carried out in which tall oil fatty acid
distillate was fed to cows at a level of 109, of the concentrates. The results
revealed that this proportion raised the iodine value of the milk fat by 12
units. The fatty acid composition of the milk fat was changed so that saturat-
ed C, to Cyq acids occurred in definitely lower proportions than before the
experiment, whereas the proportion of Cy, acids increased markedly.

The effect of ethyl esters of tall oil fatty acids in poultry feed mixtures
on egg production and hatching was investigated by Antila, ef ql.38 During
three experimental periods each lasting several months, hens were given
dry feed mixtures containing 5 and 10%, ethyl esters of tall oil fatty acids.
The egg production decreased I 3—16Y%, in both tall ojl fatty acid ester
groups, while the decrease was only 59, in the control group given the dry
feed mixture as such. The mixtures containing ethyl esters of tall oil fatty
acids did not affect the fertilization and hatching of the eggs, but the
baking characteristics were impaired. There was a change in the fatty acid
composition of the egg yolk; the amount of oleic acid had increased con-
siderably but the amount of palmitic, stearic and linoleic acids had corre-
spondingly decreased. There were no essential changes in fat content o
iodine value.

Costigliola and Teasdale have been granted two patents (Canadian pat-
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ents Nos. 724 602 and 733 160)*** for edible products containing tall oil fatty
acid esters. The first patent describes the preparation of a salad oil with
a high smoke point and long cold test properties. The method used to esterify
the tall oil futty acids to produce a triglyceride oil and to refine the product
is almost the same as that described by Antila et al.*"** According to the
patent specification, the resulting salad oil is odorless and has a good flavor
stability, a relatively low free fatty acid content, a low residual content of
resin acids and properties superior to salad oil made from, e.g., corn oil
or soybean oil. Patent No. 733 460 describes the preparation of edible fats
from tall oil futty acids. The methods of esterification and hydrogenation
are similar in principle to those presented by Antila et al.*"** The tall oil
fatty acid triglycerides are blended or reacted with animal fats such as
beef tallow and lard and vegetable oils such as palm oil, soyhean oil and
cottonseed oil to produce blended shortenings or margurine fats. As the
tall oil fatty acid triglycerides contain over 709, triunsaturated tri-
glycerides, the blended products can be modified to possess a higher content
of unsaturated esters, a different melting range, a different solids content,
ete.

B. Present investigations
1. Materials and methods
a. Tall oil fatty acid distillate and its ethyl and glyceryl ester derivatives

The tall oil fatty acid distillate used in the experimental diets as such or after
conversion into ethyl and glyceryl esters was obtained from Oulu Oy, Oulu. The fatty
acid distillate »102» is a relatively high-grade product, but the contents of resin acids
{1.8—-2.2%) and unsaponifiable matter (2.8—3.2%,) are rather high for a product to
Be used for nutritipnal purposes. Data relating to its chemical properties and fatty
acid composition are suramarized in Table 2.

With the exception of the pine seed oil samples and one lot of tall oil fatty acid
glyceride margarine, which were prepared in the laboratory of the Department of
Dairy Science, University of Helsinki, all ethyl and glyceryl esters and the fractions
prepared from them which are described later and which were used in the feeding ex-
periments were obtained from the Central Laboratory of the Raisio Factories, Raisio.

The pine seed oil was extracted from crushed pine seeds with hexane. The oil
was recovered by distilling the hexane on a water bath.A?

The ethyl esters of tall oil futty acids were prepared by a continuous process.®
The fatty acid fraction was esterified with ethyl alcohol using sulphuric acid (1—-29%)
as catalyst. The reaction temperature was 70—80°C. The crude esters were washed
with water and dried under reduced pressure.

The glyceryl esters were prepared by esterifying the fatty acnd distillate with
glycerol using 0.29, stannous chloride as catalyst.’' The water formed during the

2
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- Table 2.
_-adinalytionl deta for the.tall il fatty acid distillate and soybean oil fatty acids.
Tall oil Soybean oil
fatty acids | fatty ecids
Chemical properties: .
Acid value, mg KOH/g 190.2 180.7
Saponification value, mg KOH/g 194 190
Todine value (Wijs) . . 150 138
Peroxide number 2.76 0.20
Faity acid composition
C 12:0 - 0.1
C 140 0.5 0.3
C 16:0 : .10 10.7
C 16:1 — 0.6
C 18:0- 1.0 2.8 .
C 18:1 38.8 20.5 *
C 18:2 42.8 53.6
C 18:3 13.5 -
C 18:3 : - 9.0
C 19:0 — 1.7
C 20:0 14 0.7

1 ¢1s-5,9,12.0Octadecatriencic acid.

reaction was removed by vacuum distillation, during which the temperature was
raised to 200°C. The glyceryl esters were refined by the usual methods employed in
the wanufacture of edible oils. The analytical data given by Antila ef al.#? correspond
to those of the starling material when the content of ethyl alcohol or glycerol in the
esters is taken into account. The resin acid content of the ethyl esters was much lower
than that of tho original fatty acid distillate and only traces of resin acids were
detected in the glyceryl esters.

A resin acid concentrate was separated from the glyceryl esters of tall oil fatty
acids by the method of Linder and Persson and the unsaponifiable matier was
separated by the ASTM meihod.$

Hardened tall oil fatty acid glycerides were obtained by hydrogenation under
reduced pressure. Nickel formate was used as catalyst. The melting point of the fat
obtained was 36—38°C and the iodine number (Wijs) about 70,4742

The hydrogenated tall oil fatty acid glycerides were interesterified with 20--259%
refined soybean oil. Margarine was prepared from this fat mixture on a pilot plant
seale. This tall oil fatty acid glyceride margarine was comparable with commercial
margarine as to taste, flavor and consistency, but was relatively easily oxidized
when stored.*? One lot of tall oil fatty aeid glyceride margarine was prepared in the
Department of Dairy Science from hydrogenated tall oil fatty acid glycerides which
had been prepared under normal atmospheric pressure at a temperature of about
100°C. The iodine value of the hydrogenated glyceride preparation was 80 (Wijs)
and the melting point 50°C.
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Molccular distillation of the glycerides of tall oil fatty acids was used in an attempb
to isolate the unsaponifiable compounds.i® A ¢is-5,9,12-octadecatrienoic acid concentrate
was obtained by urea crystallization and further purification by countorcurrent
extraction. The fatty acid concentrate obtained, which contained about 75—80%
of the mentioned fatty acid, was esterified with ethyl alcohol.®

The soybean oil used as & control fat in the feeding experirnents was & commercial
product of Raisio Oy, Raisio. The ethyl esters of soybean oil fatty acids were prepared

_by alcoholysis from soybean oil and hydrogenated soybean oil was produced by

the same mothod as the hydrogenated glyceryl esters of tall oil fatty acids. The free
fatty acids of the soybean oil were isolated according to Uksila? The analytical
data and fatty acid composition are summarized in Table 2.

The butter and margarine were commercial products.

" b. Experimental animals and their ireatment

Weanling male and femasle rats of the Sprague-Dawley strain, weighing 40—60

_ grams, were used in the growth experiments. The enimals were provided by the

Yli-Mankkaa farm in Espoo, except those used in two of the long-term growth and
reproduction experiments, which were bred in this laboratory. The animals were
divided into groups having a similar average weight. In most growth experiments
each group consisted of ten rats.

The rats were caged individually in suspended galvanized or steel wire bottom
cages. The groups were distributed horizontally in the racks.

The animals were given food and tap water ad libitum. The food was distributed
into glass dishes in the meornings. When the food consumption was recorded, 1320
grams was weighed and the dish was covered with a galvanized lid with a small
hole (diam. 2.5 —3 ¢m) in the middle to reduce spillage. The following day, the leftovers

" and the waste were weighed and the food consumption calculated. The growth of

the rats was recorded regularly by weighing themn every day or every other day.
The growth curves were obtained by plotting the cumulative weight gains against
time.

The animals used in the reproduction experiments were between 100 and 200
days old. In the first reproduction experiment’'a pair of females was bred with one
male, in the second experiment three females were bred with one male or four females
with two males and in the third experiment the ratio was five females to two males.
Farris® considers the optimum ratio to be two or threa foemales to ona male, but
according to Hagemann' even 1012 females can be bred with one or two males.
After one weok of breeding, every male was transferred to the next cage of the same
oxperimental group. This was done in order to get the best breeding result in case
some of the males were sterile. The males were removed after 14—16 days and the
fomales were placed in separate cages before the 2lst day following the original
mating. The cages were either plastic cages whose floors were covered with wood
shavings or wire cages with sheet aluminum floors also covered with wood shavings.
The litters were weaned at the age of 21 —28 days depending on weight.

! ¢. Diets

The basal diets used in all growth and reproduction experiments were similar
to those used earlier in rapeseed oil feeding experiments by Roine and Uksila® in
this laboratory. The semisynthetic basal diet was composed of graham flour, casein,
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"Table 3.
Compositions of diet types.
Major components Diet A Diet B Diet C Diet D Diet E
: % % % % %
e Graham flour 63.4 58.7 44.0 59.0 . 44.3
Casein : 16.4 15.2 11.4 15.3 115
Dried brewer’s yeast . 10.9 101 7.8 10.2 7.9
. Fat or oil L 6.1 13.1 34.6 13.2 34.8
o Salt mixture! 2.3 2.0 1.5 2.0 1.5
Fat-soluble vitamins in v
soybean oil? 0.9 0.9 0.9 - ~
. Codliver oil and vit. E3 . - - - . 0.3 0.2
B-vitamins in glucose! 0.05 0.05 0.05 - -
100 100 100 100.0 100.0
- ! Salt mixture * Fat-soluble vitamins in 10 ml
NaCl 1000 g (9.1 ¢} soybean oil
Calcium lactate 10600 d,l-u-Tocopherol 75.000 mg
—— ’ Iron citrate 41 Vit, A (20 000 IU) 6.000
MnSO, - H,0 . 23 Vit, D, (1 000 IU) 10.025
CuSQ, - 5H,0 9.4 o
KI 0.2 4 B vitamins in 450 mg glucose
Calcium pantothenate 20.0 mg
3 Codliver oil and vitamin E Pyridoxine 20.0
Codliver oil 60 g Folic acid 10.0°
- ‘ d,)-@-Tocopherol 1 Biotin 0.6

All the vitamins used were from 8.A.F. Hoffman-La Roche & Co.

~oane

Table 4,

Energy values of basal diets.

Kilocalories derived from the diffe- | Dict A | Diet B

rent foodstuffs per kilogram of diet ! Diet C | Diet D | Dict E

|
l
Graham flour i 2000 1914 1434 1923 1444
| Casein I es6 608 450 612 460
e Dried brewer's yeast i 313 290 Co218 293 221
Fat or oil ' 539 1158 3 038 1167 3076
Fat-sol. vitamins in soybean oil 1 80 S0 80 — -
. Codliver oil and vit. E ‘ - — - 26 18

‘ » ! i

Vit. B mixture | 2 2 2 — -
{ 1
| i

4 052 5248

o ] | 3656
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dried brewer’s yeast, fat or vegetable oil and salt and vitamin mixtures. The exact
compositions of the dicts are shown in Tabio 3. The diets were prepared overy two
weeks and were usually first mixed by hand and then passed through a Wiley labora-
tory mill or mixed with a Hobart A 200 mixer. They wero stored in a cold room (44—
+5°C). The vitamin mixtures as well as the salt mixtures were prepared in larger
amounts and the vitamin mixtures were stored in a refrigerator. The nutrient and
energy contents of the foodstuffs wero caleulated according to »Standard Values in
Nutrition and Metabolisms,5t sDie Zusammensetzung der Lebensmittely’* and the Food
Composition Table of Turpeinen and Roine.® The energy values of the different diets
were 3.64, 4.03, 5.23, 3.98 and 5.19 keal per gram (Table 4).

The protein derived from casein awmounted to 11—-16%, but together with the
protein from the graham flour and dried brewer’s yeast it accounted for about 20—25%,

"of the total weight of the diet, which usually is considered sufficient,'®+% although

McCoy™ recommends somewhat higher amounts, 25— 309, It is possible that especially
during gestation and lactation periods, the animals on the high fat diets suffered
from a slight protein deficiency or amino acid irabalance.

Because the primary aim of these experiinents was to study the different effects
on growth of fats and oil-like substances derived from tall oil fatty aecid distillate,
the diets contained greater amounts of fat than the usual standard diets for rats,
which contain 4—10 wt 9, fat. The fat or oil to be studied was added to the basal
diet at levels of 13, 30 and 609 of the total calories, and the diets were designated
according to their fat content and supplement of fat-soluble vitamins. Type A contained
15 cal 9, fat, type B 30 cal 9, fat and type C 00 cal 9; fat nud all three types a
synthotic fat-soluble vitamin supplemnent. Types D and E were 30 and 60 cal %
diets, respectively, with codliver oil supplement to provide fat-soluble vitamins. When
the fat from graharm flour and dried brewer’s yeast and the small amount of codliver
oil or soybean oil which was added with the fat-soluble vitamins are included, the
total fat contents were somewhat higher, corresponding to 20, 33 and 619 of the
total calories. When butter, margarine and tall oil fatty acid glyceride margarine
were used as the fat, their fat content was taken to be 829.

Of fat-soluble vitamins, only vitaming A and IX are considered essential to the
rat. The amounts of vitamin A recommended by ditferent authors differ to some
extent. MeCoy®® recommends 4 pg of vitamin A or 15 to 20 pg of carotene per kilogram
of body weight per day, an anoriymous writer in Charles River Digest® gives a value
of 200 360 IU per day per animal for growth, gestation and lactation and Cuthbert.-
son recommends 3 000 IU per kilogram of food. The fat-soluble vitamins in diets
D and E were present in the codliver oil. In view of the recommended amounts of
vitamin A, its supply may have been a little too small {Table 5). The need of vitamin
E, which seems to be critical especially in reproduction experiments, was well satis-
fied in all diets, because the recommended amount is 50 mg per kilogram.’’ How-
ever, there is some evidence that part of the vitamin E activity was destroved by
oxidation reactions, which easily take place in & codliver oil-vitamin E mixture 5
Apperently vitamin D is not required by the rat if the ratio of calcium and phospherus
is between 1:1 and 2:1 and the amount of phosphorus in the diet is about 0.59.%
Because the experimental diets did not meet these requirements, it was considered
advisable to add the recommended amounts of vitamin D to diets A, B and C. Vitamin
X does not seem to be essential to the rat according to earlier references, but Brigge-
maun et al.’? recommend addition of 1 mg of menadione per kilogram ration of food.

Water-soluble vitamins of the B group were present in the dried brewer’s yeast
in amounts that approximately meet the need and even exceed the latter manyfold
in the case of thiammine, riboflavin, niacin, pantothenic acid, pyridoxine, vitamin
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Table 5.
Nutrients per kilogram of diet and mineral and vitamin needs of the laboratory rat.

Protein
Carbohydrates
Fat

Crude fiber

Minerals:
Calcium
Phosphorus
Potassium

Sodium
Chlorine

Iron
Copper
Manganese
Zine
Jodine

Vilamins:

Vitamin A, IU
Vitamin Dy, 1U

Thiamine, mg
Riboflavin, g
Niacin, mg
Puntothenic acid,
mg
Pyridoxine, mg
Folic acid, mg
Biotin, ug
Vitamin By,, ug

d,l-a-Tocopherol, m

Diet A | Diet B | Diet C | Diet D | Diet E |Estim. need®®
g g g g g
283.4 262.1 196.8 263.7 198.2 19—309%,
483.2 448.7 337.1 450.9 338.9
83.8 152.9 364.7 147.9 359.8
22.1 20.4 15.3 20.5 15.4 3--59% in
synthetio
diets
g g g g g glkg diet
1.7 1.6 1.2 1.6 1.2 5 —¢6
4.4 4.1 3.1 4.1 3.1 3.5-4.0
3.4 3.1 2.3 3.1 24 5
4.2 3.9 2.9 3.9 2.9 5
6.4 5.9 4.4 5.9 4.5 3
mg mg mg mg mg mg/kg diet
121.3 112.0 84.2 112.7 84.7 50
30.0 27.8 20.8 27.8 | 20.9 20
43.9 40.5 30.5 40.8 30.6 20
17.0 15.7 11.8 15.8 11.9 4
1.6 1.3 L1 1.5 1.1 | 0.2
per kg diet
20 000 20 000 20 000 3 050 2 300 3000 1U
1 000 1 000 1000 300 230 1000 TU
95.1 93.6 88.9 69.5 - 52.3 50 mg
16.1 14.9 11.2 15.0 11.3 1-2 mg
5.2 4.8 3.6 4.8 3.6 3—-5 mg
80.9 74.8 56.2 75.2 56.5 10 mg
27.9 27.3 25.5 7.3 5.5 10 mg
24.8 24.5 23.3 4.5 34 1—-2 mg
13.5 13.2 12, 3.2 2.4 -
619.7 618.2 613.7 18.3 13.8 —
22 20 13 20 15 2030 pug

By; end choline. In normal situations there seems to be 1no need for folie acid, biotin,
inositol and p-aminobenzoic acid,’ but hecause of the irregularitics which appeared
in the reproduction experiments it was considered necessary to add pyridoxine,
celeium pantothenate, biotin and folic acid to diets A, 3 and C in amounts that were
twice the amounts of these vitamins in the dried brewer’s yeast because oxidized fats
have been stated to destroy these vitamins even in the alimentary tract,® and a slight
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deficiency of these vitamins may arise if cave is not taken to guarantee a sufficient
supply.

The mineral requirements of the rat seem to be supplied by the salt mixturo
(Table 3), although in somne cases the mixture appeared to be slightly insufficient.
The calcium amount seeras (o be lower than the recommended values 537 ag the ratio
of caleium and phosphorus was 1:2.5. The slight calcium deficiency might be one
possible cause of some cases of failure in the reproduction experiments and of growth
retardation. All trace elements required by the rat seemed to be sufficiently supplied
by the salt mixture and other ingredients of the diets.

d. Analyl ical methods

-When the absorbability of a dietary fat was determined, chromium oxide was used
as an inert material. Cormpared with the conventional method in which the food con-
sumed. is aceurately weizhed and the amount and fat content of the feces are determi-
ned, the use of an inert material as un indicatior of absorbability makes it possible
to collect random sanples of feces and the problems connected with food spoilage
and leftovers are avoided.

The use of chromium oxide as an inert material in connection with determinations
of absorbability was first proposed by Edin® as early as 1918 and several workers
have demonstrated the applicability of this method in a variety of animal species.
Schiirch et al.% evaluated the use of chromium oxide as an indicator in the rat and
found that identical results for absorbability were obtained when random samples
taken at various times of the day were analyzed.

In the present determinations of the absorbability of the tall oil futty acid distillate
and ita ethyl and glyeerylesters, 0.59, chromium {ILI) oxide (Noury & Baker, N.V.,1ab.
grade) was added to the diet. When the chromium content in the feces had reached
& constant level, which usually took four or five days, the feces were collected from
each rat separately during 5— 20 days. The feces were stored under nitrogen at —20°C
to avoid oxidation, because the fatty acid composition of the fecal fat was determined
in addition to the digestibility coefficient.

All the other chermicals employed in the work were guaranteed reagents from E.
Merck AG or AnalaR reagents from The British Drug Houses Ltd. The chromium
content was determined by a method deseribed by Paloheimo and Paloheimo.®

For the chromium determinations, 230 mg of vacuum-dried, powdered fecal
matter wai weighed in a crucible and ashed at 700°C for 2.5 hours. Five grams of
sodium peroxide was added to the finely ground ash and the crucible was reheated
at 700°C for 10 min. The sodium chromate which had formed was transferred from
the crucible to a beaker with 200 ml of boiled water in small portions. After the
effervescence had stopped, the liquid was partly neutralized with 20 ml of 3 N hyd-
rochloric acid, diluted to one liter and left to stand for about 30 minutes. The absorbance
was measured with a Beckmann DU spectrophotometer at 430 nm and the chromium
content was read from a standard curve. Duplicate determinations were performed
on each sample. )

In other experiments the chromium oxide content was determined with an atomic
absorption spectrophotometer according to Williams et al.#* The ashed samnple was
dissolved in 3 ml of a phosphoric acid-manganese sulphate solution (30 ml of 109, w/v
MnSO, - 4H,0 solution in one liter of 859, phosphoric acid) and oxidized with 4 m’
of 4.59, potassium bromate. After digestion on a hot plate the sample was cooled
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-diubed with water and trensferred quantitatively to a 200.ml volumetric flask. Twenty-

five milliliters of a caleium chloride solution containing 4 000 ppm of calcium was
added to correct for calcium interferences and to suppress silicate and aluminum
interferences, since \Williams ef al. have shown that in the presence of more than
500 ppm of calcium, the chromium absorption changes very little and that magnesium
does not affect the absorption. A portion of the sample to be analyzed was filtered
to remove suspénded material and asubsample was analyzed on a Perkin Elmer model
303 atomic absorption spectrophotometer. A chromium hollow cathode lamp was
used and the readings were made at the chromium resonance line at 358 nm. Blank
and standard solutions were prepared from potassium dichromate and the chromium
content was read from the standard curve,

The fat content was determined by a method deseribed by King® on the same
samples as the chromium content. The fecal sample (usually 3—5 g) was dried in a
vacuum oven overnight at 60°C and ground to a fine powder in a mortar. Five hundred
milligrams of the sample was weighed in a glass-stoppered 63-inl Pyrex test tube,
10 m! of distilled water was added and the fatty acids were liberated from their soaps
with 3 ml of concd. hydrochloric acid. The tube was heated for 10 min in a bhoiling
water bath and then coaled. The fatty acids were extracted by adding 50 ml of petro-
leum ether and shaking the tube vigorously for 10 min. The layers werc allowed to
separate completely and 25 ml of the petroleum ether layer was pipetted into a Soxhlet
flask through a filter paper covered by a layer of anhydrous sodium sulphate. The

- Tilter paper and the sodium sulphate Jayer were washed with 25 ml of petroleum

ether and the washings passed into the flask. The flask was connected to a Soxhlet
apparatus and the petrolemm ether evaporated on a water bath (80°C). The flask
was then dried in & vacuum oven at 60°C for onc hour and weighed. Duplicate determi-
nations were made on every sample.

The digestibility coefficient of the fat consumed was ealculated from the formula

100(“ - ")_
a

where o = amount of fat per gram of chromium oxide in the food
b = amount of fat per gram of chromium oxide in the feces

The conventional method of weighing the food consumed and the feces collected
during a certein period was employed to sec how well the results corresponded to
the results of ithe chromium oxide method applied to feces of the same rats immediately
afterwards. The differences, only 0.2—0.59,, were not significant.

2. Rosults
a. Growth experiments

Growth is most commonly used as a criterion when assessing the need

of a nutritional factor in the diet of an animal, because growth imposes

a great mctabolic strain on the animal. Retarded growth is considered a
symptom of a disease or a disturbance of the function of the organism.
It is possible to find out within a relatively short period the growth-promot -
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ing or growth-retarding characteristics of a certain substance compared
with another, well-known substance.

In this study, as stated before, the effects of tall oil fatty acid distillate
and its ethyl and glyceryl esters on the growth of rats were studied. The
control animals received equal amounts of soybean oil, butter or margarine.
The experimental conditions were otherwise the same for the experimental
and control animals, -

The short-term experiments usually lasted from two to four weeks.
Some of them were only orientative experiments. Ouly male rats were used
in these experiments because they grow much more rapidly than female
rats. The long-term experiments lasted two to three times longer than the
short-term experiments and both male and female rats were used,

Tall oil fatty acid distillate

The aim of this experiment was to investigate the effect of tall oil
fatty acid distillate as such on the growth of rats. The basal diet types
B and C were used and the tall oil fatty acid distillate was added at levels
of 30 and 609, of the total calories. In addition, a group receiving 159/,
of the total calories as tall oil fatty acid distillate (diet A) was included,
because higher fat levels proved to be lethal. The control groups received
the same amounts of soybean oil.

The type and amount of fat in the diets, the average initial weights
of the groups, their average cumulative weekly weight gains, the total num-

“ber of animals, the number of animals that died and the average food con-

sumptions during the experimental period are presented in Table 6. The cu-

Table 6.
Effect of tall oil fatty acid distillate on the weight gain of young rats.
' Mean [Average cumulative weight Average
Type and smount of initial gain, g Denths| fovd
: fat in the diet weight, Week of experiment consump.
: g 1. 2. 3. 4 tion,¥ g

Tall oil

" fatty acid distillate 15 cal % | 40.3 16.2 394 . 63.86 95.5 1/10 274.7
. Tall oil
fatty acid distillate 30 » 40.1 46 166 359 553 0/10 170.5
Tall oil

fatty acid distillate 60 o 39.9 -1 - - - 10/10 —
. Soybean oil 15 » 398 | 23.0 50.5 80.3 100.6 | 0/10 316.3
Soybean oil 30 » 40.0 30.0 59.6 908.9 128.1 0/10 ’ 313.6
! Soybean oil 60 » 40.1 17.9 333 576 85.1 0/10 I 205.6

1 All animals died within 4 days,
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Fig. 1. Cumulative growth curves for rats fed tall oil fatty ac{d distillato
' and soybean oil fatty acids.

15 cal 2, tall oil fatty acid distillate
—_—X— X ——X— 30 » » » » »
————————— 15 » soybean oil fatty acids
—A—A—A7— 30 » » ' » »
—A—A—A— GO » » » » »

mulative weight gains of the groups are plotted against time in weeks in Fig.
1, from which it can be seen that when 159, of total calories were derived
from tall oil fatty acid distillate the growth rate of the rats was almost equal
to that of rats receiving soybean oil at levels of 15 and 609 of the total
calories. The group receiving 309, of total calories as tall oil fatty acid
distillate grew slowest. This seems to be a consequence of the weak appetite
this group had; the average total food consumption of 170 g during a
period of 4 wecks was only slightly more than half the amount eaten by the
group receiving soybean cil at a level of 159, in the diet. The group receiving
309%, of total calories as soybean oil grew more rapidly despite a smaller
food conswmption. One death occurred in the group receiving 159, of
total calories as tall oil fatty acid distillate, but no deaths occurred at the
309 level. All animals in the group receiving 60Y;, of total calories as tall
oil fatty acid distillate died within a few days. There is a statistically highly
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significant difference (I < 0.001)* in the final weight between the group
receiving 30%, of total calories as tall oil fatty acid distillate and the control
group given soybean oil at the same caloric level. The difference at the
lower fat level is not significant. The most noticeable feature of this experi-
ment is the death of the whole group receiving 609, of total calories as tall
il fatty acid distillate. It was concluded that there is a growth-retarding
or possibly a toxic factor in the tall oil fatty acid distillate.

Pine seed oil

In order to determine the role of cis-5,9,12-octadecatriencic acid ‘as
a possible growth-retarding factor, two short experiments were conducted
using pine seed oil as the fat ingredient in the diet. Pine seed oil contains
twice as much ¢is-5,9,12-octadecatrienoic acid as tall oil fatty acid distillate.
The results of these experiments are shown in Table 7, and the growth
curves are presented in Fig. 2. '

The basal diet used in these experiments was type D. The control
groups in the first cxperiment received either ordinary soybean oil or
soybean extract isolated in the same way as pine seed oil. In the second
experiment only the soybean oil was given to the control group. The animals

Table 7.

3ffect of pine seed oil on weight gain of young rats.

; . Average
Type and amount of Mean food
ype &l . initial Average cumulative weight gain, g~ | Deaths
fat in the diet o _ consumnp-
weight, g tion, g
Day of experiment
Experiment I 2. 5 7. 10, 12 14 16
Pine seed oil 30 cal % 47.0 79 212 203 441 -5LT 837 731 0/10 167.2
. Soybean -
extract 30 v 46.8 9.3 238 364 525 63.7 734 828 0/10 181.9
- Seybean oil 30 » 47.2 g4 231 330 490 608 7.7 822 | ~0/10 181.1
Day of experiment
" Experiment I1 2. 4. 6 8 10 13
Pine seed 0il 30 » 4_7_.0 7.0 125 210 315 415 56.3 0/2 117.7
. Soybean oil 30 » 45.5 8.0 13.0 21.0 305 40.3 570 0/ 114.5

* The statistical significances were determined by Student’s t-test. Tables of
LixprEY and MiLter® were used.
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Fig. 2. Cumulative growth carves for rats fed pinc seed oil, scybean oil and soyhean
' : extract.
— X e X ——X— 30 cal 9% pine sced oil
—A—A-—A— 30 » soybean oil
———— e — 30 » soybean extract

receiving pine seed oil in their diets grew at a slightly lower rate than the
control animals in the first experiment and their food consumption was
gsomewhat smaller than that of the control groups, but no statistically
significant differences were found. In the second experiment there were
only two animals per group because the pine seed oil was difficult to obtain.
Therefore the material is too small to draw conclusions, but it appears
that both groups gained equally in weight and that there was only a slight

" difference in average food consumption.

These results seem to indicate that cis-5,9,12-octadecatricnoic acid
is not the growth-retarding component of the tall oil fatty acid distillate,
but that the toxic compenent is more likely produced in the distillation
of tall oil. Unfortunately, the awmount of pine seed oil available was so
small that no experiments could be made with a higher level of the vil in
the -diet. '

. Ethyl esters of distilled tall oil fafty acids

The product made from tall oil fatty acids which has been used in
earlier experiments with catile and poultry is the mixture of ethyl esters
of distilled tall oil fatty acids. Several experiments in which esterified tall
oil fatty acids were added to the dict were also performed with rats in
this study. Both young and adult animals were used and the amounts
of ethyl esters of tall oil fatty acids given amounted to 30 and 609 of the
total calories. The hasal dicts used in these experiments were types B

132



‘‘‘‘‘‘

e

Rurva Serrivex, Studies on the use of tall oil fatty acids in the diet of rats 29

and C. As scen from the results of an experiment with young animals
shown in Table 8, the toxic effect of the higher fat level seems to be almost
as strong as that of the unesterified tall oil fatty acid distillate. The consump-
tion of food containing the higher fat level was very small in this group as
compared with the soybean oil group. A statistically highly significant
difference (P < 0.001) was found between the mean weights of the test
and control groups. As seen from the same table, experiments with adult
animals gave better results. Even here, however, only the animals receiving
the smaller amount of ethyl esters of tall oil fatty acids gained weight but
relatively more slowly than the animals in the control group receiving soy-
beun oil. The group which received 60%, of total calories as ethyl esters of
tall oil fatty acids suffered a weight loss of 18.5% during the experimental
period of almost 4 weeks. In this experiment, too, a statistically highly
significant difference (P << 0.001) was found between the test and control
groups at the 609, fat levels and also between the groups receiving ethyl
esters of tall oil fatty acids at the 30 and 609 levels. On the lower fat level
the difference between the test and control groups was significant (P << 0.01).
Tt is possible that the results for the group on the higher fut level might have
been cven worse after a longer experimental period, since skin lesions

{

i

Table 8. ‘
Effect of cthyl esters of tall oil fatty acid distillate on weight gain of rats.
i . Mean Average
| Type and mm:;ilx of fat in the initial Average cumulative weight gain, g Deaths corf:ﬁ:}) N
! ‘ weight, g 't.ioAn, é)
E Day of experiment
' Young rals 2, 5. & & 10, 12 (10 days)
Ethyl esters of tall
oil fatty acids 60 cal 9, 48.7 —25 ~50 —64 —70 —7.0 -32 6/10 39.0
Soybean oil G0 » 48.4 4.8 129 158 2435 322 403 0/10 79.4
Week of experiment
| Adult rats 1. 2, 3. 4. (2 weoks)
Ethyl esters of tall
oil fatty acids 30 » 229.2 0.8 16.7 8.4 26.9 0/10 225.2
Ethyl esters of tall
oil fattv acids 60 » 229.7 -31.6 —364 —53.0 —42.3 1/10 07.9
. Soybean oil 30 » 220.4 15.0 438.2 51.8 T 0/10 258.8
Soybean oil 60 o 229.8 12.1 - 40.9 60.9 69.8 0/10 117.8
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were observed and the animals had glossless, shaggy fur. It seems that the
growth-retarding factor has a strong effect even when present in esterified
tall oil fatty acids.

Glyceryl esters of distilled tall oil Jatty acids

The tall oil fatty acid product which most closely resembles ordinary
vegetable oils, such as soybean oil, is the mixture of glyceryl esters of

. distilled tall oil fatty acids. It was therefore thought that this synthetic

oil might be better for feeding purposes than the mixture of ethyl esters
of tall oil fatty acids. The types of diet used in the experiments were DD
and E, and the test fat was either the mixture of glyceryl esters of tall oil
fatty acids or a clarified product derived from the glyceryl ester mixture
by cooling the Jatter to 4+4°C and centrifuging to isolate the clear layer.
Both the clarified mixture and the mixture of original glyceryl esters of
tall oil fatty acids were used at levels of 30 and 60% of the total calories.
The results of the growth experiments are presented in Table 9. It can be
seen that both test groups receiving either the unclarified or the clarified
glyceryl esters of tall oil fatty acids grew equally well, but they lagged
much behind the control group that received 30% of the calories as soybean
oil. The differences are statistically highly significant (P < 0.001). The
food consumptions of both groups receiving glyceryl esters of tall ojl fatty
acids were ahnost equal hut less than the food consumption of the soybean
oil group. At the higher fat level, the differences in growth rate between

_the control group receiving soybean oil and the groups receiving the original

and clarified glyceryl esters of tull oil fatty acids were even more significant,
because the latter animals lost weight during the first half of the experi-
ment and only very slowly approached the original level. Five and six of the
ten animals in each of the two groups receiving the higher level of glveeryl
esters of tall oil fatty acids died during the experimental period of 20 days.
There were highly significant differences (P < 0.001) between the control
group and the groups receiving the higher level of either clarified or ordinary
glyceryl esters of tall oil fatty acids, and also between the groups receiving
the lower and higher levels of the glyceryl esters of tall oil fatty acids.

Different fractions of ethyl and glyceryl esters of the distilled tall oil Jatty acids
1. Fractionated tall oil fatty acids

The distilled fatty acid fraction of tall oil contains, as mentioned earlier,
a small amount, about 2%, of resin acids. After esterification, some unsa-
ponifiable matter, usually less than 2%, remains in the {inal ester mixture.
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Table 9.
Effcot of glyceryl esters of distilled tall ojl fatty ocids on weight gain of young rats.
Mean Averagoe cumulativo weight gain, g Average
Typo and amount of fat in dict initinl D " Deaths | food
weight, g ay of experiment consump-
2. 3. 7. 9. 13, 16. 17. 20. tion, g
Glycoryl estors of tall 30 cal 9
oil fatty acids » 51.6 -2.8 5.0 95 145 242 271 319 433 | 1/10 132.2
Glyecryl estors of tall
oil fatty acids 60 » 51.6 —79 ~71 —-62 —60 -52 —45 ~45 ~—1.8 5/10 61.3
Clarificd glycoryl esters of .
tall oil fatty acids 30 5L.7 -~2.1 5.2 9.6 124 19.6 265 30.5 44.7 | 2/10 123.9
Clarificd glyceryl cstors of )
tall oil fatty acids GO » 51.7 -75 -73 —-68 —64 -—-23 1.1 —-03 3.3} 6/10 54.5
Soybean oil 30 51.5 3.7 17.9 26.7 33.4 54.1 61.9 70.8 86.1 1/10 186.8
Soybean oil G0 » 51.6 1.3 11.3 17.1 21.4 355 410 474 584 0/10 127.0
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The possibility that either of these fractions may have a detrimental
effect on the growth of animals was studied by mixing 5 parts of either
the resin acids or the unsaponifiable matter with 95 parts of soybean oil
and adding these fat mixtures to the diets of young animals at a level
of 60% of total calories. In the same experiment, diets which contained
10 parts of either glyceryl esters of tall oil fatty acidsor the elaidin precipitate
derived from it and 90 parts of soybean oil at a level of 609, of total calories
were fed. The control group received soybean oil as before and one additional
group was included that received glyceryl esters of tall oil fatty acids,

. both at the higher level. The basal diet used was E. The results, which

are presented in Table 10, indicate that the best growth was obtained
with roybean oil. The weight gain was somewhat lower when glyceryl esters
of tall 0il fatty acids or the elaidin precipitate derived from it was given
with soybean oil, but higher than the weight gain of the groups receiving
resin acids or unsaponifiable matter in their diets, though the differences
were not very marked. When all the fat included in the diet was a mixture
of glyceryl esters of tall oil fatty acids, the growth-retarding effect was
obvious, and the result was comparable with that of the earlier experiment
where glyceryl esters of tall oil fatty acids were fed at a level of 60% of
total calories. Statistical calculations revealed that there was a highly
significant difference (P < 0.001) between the weight gain of the control
group and that of the group receiving G0%, of total calories as glyceryl
esters of tall oil fatty acids. A significant difference (P < 0.01) was found
between the weight gains of the control group and the group receiving 59,
of the total diet fat as resin acids. The food consumption of the control

_ group was almost twice as high as that of the group receiving 60%, of total

calories as glyceryl esters of tall oil fatty acids. The group receciving 109
of the total fat as the elaidin precipitate derived from the glyceryl esters
of tall oil fatty acids consumed almnost as much food as the control group,
but the groups recciving the unsaponifiable matter and the resin acid
fraction in their diet consumed somewhat less food. The toxic nature of
the glyceryl esters of tall oil fatly acids became clearly evident also in
this experiment, because two thirds of the animals receiving the mixture
in their diet died during the experiment. Two of the six animals in the
group receiving the unsaponifiable fraction and one of the animals of
the resin acid group died during the experiment.

2.:Unheated and heated glycerol

The effect of the glycerol used in the esterification of tall oil fatty
acids was studied in a separate experiment. The control group received
609, of total calories as soybean oil. Two test groups, one of them receiving
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Table 10.
Effect of different fractions of glyceryl esters of distilled tall oil fatty acids on weight gain of young rats.
Mean Average cumulative weight gain, g Averago
Typo and amount of fat in dict .ir}itial Day of experiment Deaths corix‘.(;g?np-
weight, g .
- 2. 5. 7. 10. 12, 14. 19. 2L tion, g
Glyceryl cstors of tall
oil fatty acids 60ral %t  49.1 -~36 —61 -71 =54 b1 6.9 109 9.9 | 4/6 74.5
Soybean oiljelyceryl esters
of tall il fatty acids 90:10 60 » 49.1 45 132 199 282 332 407 50.7 585, 0/6 120.0
Soybean oilfglycoryl estors
~ of oluidin procipitate 90:10 G0 » 49.3 4.8 9.7 185 263 317 393 555 65.2 | 0O/6 133.4
Soybean oiljunsaponifiable
matter of tall oil fatty
acid distillato 95:5 G0 49.3 53 11.8 195 230 275 207 474 339 | 2/6 119.5
Soyboean oilfrosin acids
of tall oil fulty acid :
distillato 95:5 60 » 49.3 —0.8 2.0 80 197 249 209 459 5+1 | 1/6 109.3
Soybean oil 60 » 44.3 3.5 135 218 305 - 387 449 645 729 | 0/0 134.1
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Table 11. _
The effect of glycerol on weight gain of young rats,
Moan Averago cumulativo weight gain, g Average
Type and amount of fat jn the dict initial Dav : Doaths | fo0d
weight, g ~ Day of experiment consump-
2. 5 1 10. 12 17. 19. 2L tion, g
Glyeeryl erbors of fall oil :
fotby acids GO cal 0 48.4 --1.5 —04 1.2 3.7 6.9 11.0 10.0 8.8 5/10 74.9
Soybean oil 60 » 46.5 48 1L6 159 244 207 528 566 628 | 1/10 138.3
Soyboan oil/glycerol 90:10 GO » 46.4 7.4 14.1 222 333 3719 556 62.2 71.5 1/10 158.9
Soybean oiljheated glycorol
490:10 60 » 46.9 7.6 15.5 21.6 29.8 35.3 50.2 54.1 61.9 1/10 137.1
Table 12.
The effect of cthyl esters cis-5,9,12-octadccatricnoic acid on weight gain of young rats.
Mean Avorago cumulative weight gain, g Averago
Type and amount of fat in the dict initial Day of oxporiment Dcaths conﬁz:}:p-
weight, g = i
2. 4. 7. 10. 15, 19. 23. 25. tion, g
Ethyl esters of tall oil
fatty acids 30 enl 9, 83.8 1.1 7.7 19.7 33.2 495 59.3 73.0 80.9 | 0/10 219.4
Ethyl csters of 5,9,12. ’
octadecatrienoie acid 30 » 81.3 —63 —43 0 2.8 59 106 164 193 | 0/10 157.5
Ethyl osters of linsced oil )
30 » 84.4 5.4 15.8 30.2 43.9 85.9 77.2 96.6 106.4 251.7

fatty acids

0/10
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109, of the total fat as glycerol mixed with 90 % of soybean oil and the other
recciving the same amount of glycerol which had been heated to 200°C, were
included in this experiment. In addition, one group received glycerylesters
of tall oil fatty acids at the 609, level. The basal diet was type E. The
results are summarized in Table 11. It will be seen that neither the unheated
nor the heated glycerol had any essential effect on the growth, for the
weight gains in the control group and both groups receiving glycerol
together with soybean oil were almost equal. Also the food consumptions
were almost equal and one death occurred in each of these groups during
the experimental period. However, a difference became evident in this
experiment between the control group and the group receiving glyceryl
esters of tall oil fatty acids; the gain in weight was about seven times larger
and the food consumption was about twice as high in the control group.
Half of the animals receiving the mixture of glyceryl esters of tall vil fatty
acids died during this experiment. The difference between the average
weights of the control group and the survivors of the group receiving glycervl
esters of tall oil fatty acids at the end of the experiment was statistically
highly significant (P < 0.001). '

3. The concentrate of ¢is-5,9,12-octadecatrienoic acid

The locations of the double bonds in ¢i5-5,9,12-octadecatriencic acid
are uncommon in natural fats and it was at first suspected that this
exceptional acid might be one factor responsible for the growth-retarding
and toxic effects of the tall oil fatty acid distillate. Later experiments,
especially the one in which pine seed oil was the diet fat, partly disproved
this theory, but the results of one experiment in which the ethyl esters
of an 809% coucentrate of the cis-3,9,12-octadectrienoic acid was given
may be of interest. ’ .

The ethyl esters of the concentrate of the €is-5,9,12- octadecatrienocic
acid were fed at & lovel of 30%, of total calories and the control groups
received the same amount of either ethyl csters of tall oil fatty acids or
ethyl esters of linseed oil fatty acids; the latter was chosen because of the high
content of ethyl linolenate. The basal diet was D. The results are presented

in Table 12. 1t will be seen that the weight gain was clearly smaller and _
‘the food consumption much lower in the group receiving the ethyl ester

of the ¢is-5,9,12-octadecatrienoic acid concentrate than in the other groups.
Statistical analysis confirmed that there were highly significant differences

between the weight gains of the groups receiving either ethyl esters of

linseed oil fatty acids or ethyl esters of tall oil fatty acids and the group-
receiving the ethyl ester of the cis-5,9,12-octadecatrienoic acid concentrate

(P < 0.001).
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4. Fractions of tall oil fatty acids separated with urea.

By fractionation of tall oil fatty acids with urca, four fractions were
obtained which were esterified with ethanol. A short experiment, lasting
only 10 days, was carried out using these esterified fractions and ethyl esters
- of tall oil fatty acids in the diets at a level of 609, of total calories, The con-

- trol group received ethyl esters of soybean oil fatty acids and the basal dict
used was of type E. The results, which are presented in Table 13, show that
the only fraction which seemed to promote growth more than the others
was fraction 1. Fractions 2 and 3 were almost equal in their effects to the
ethyl esters of tall oil fatty acids; the weights of the rats in these groups

- dropped continuously and half to two thirds of the animals died during
‘ the short experimental period. Fraction 4, which contained most of the
cts-5,9,12-octadecatriencic acid, seemed to be highly toxic, since all the

animals of this group died within three days. There was a statistically

significkant difference between the weight gains of the control group and

the group receiving fraction 1 (P < 0.01) and highly significant differences

- between the control group and the groups receiving fraction 2, fraction

3 or the ethyl esters of tall oil fatty acids (P < 0.001). The food intake

was not recorded in these experiments. '
|

‘\ 5. Molecularly distilled glycerides of tall oil fatty acids

Molec&x]ar distillation of the glycerides of tall oil fatty acids was under-
taken todetermine whether the content of unsaponifiable matter in the
glycer}delmixture can be reduced by molecular distillation #¢ Six different
distillate fractions were collected. The first two fractions contained most
of the unsaponifiable matter. Fractions 3—6 (distilled in the temperature

‘k . Table 13.
The effect of ethyl efters of fractions of tall oil fatiy acid distillate sepax;a(c'cl with urea on weight gain
of young rats.
Mean Average cumulative weight gain, g
e Type and amount of fat in the diet .ir'xitial Day of experiment iDeaths;
. ! weight, g v i .
i 3. 4, 8. 8. 10. |
I~ Ethyl esters of tall pil fatty acids G0 cal ©, 48.8 -41 -—-03 -—-38 -43 58] 68
Esterified tall oil faity acid fraction 1 60 » I 488 0.1 3.6 7.1 11.9 195 | 1/8
Esterified tall oil fatiy acid fraction 2 60 » | 488 -52 -32 -35 -38 3501 4
Esterified tall oil fatty acid fraction 3 GO » I 488 1 65 —53 —43 48 -—173 6/8
Esterified wall il fatty acid fraction 4 G0 » © 486 —~10.2 -2 — -- — §/8
o | Ethyl esters of soybean oil » » GO » I 486 | 33 11.8 17.7 25.7 35.4 | 0/8

. L All animals diod within 3 days,
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, Table 14.
The effect of the molecular distillate of the glyceryl esters of distilled tall oil fatty acids on weight gain of young rats.
Mcan Average cumulative weight gain, g A;::::;ge
Type and amount of fat in the dict “g::}};?l Day of oxperiment Deaths conump-
SRE 4 7. 10, 12, 14, 18 21 tion, g
Molecular distillate of
glycoryl esters of tall
oil fatty acids 60 cal 9, 61.5 —-34 —50 —~49 -—19 -—26 14 1.7 2.3 1/10 90.6
Soybean oil . 60 61.5 3.2 6.6 13.5 24.0 23.3 37.2 48.3 63.1 0/10 156.1

Table 15.
The effect of hydrogenated glyceryl esters of distilled tall oil fatty acids on weight gain of young rats.

t
! Averag mulative weight gain, Average
{ Typo and amount of fat in Menn vernen o e v X £ - | food
. initinl . . Doaths
tho diot . Iy of experitnout consump-
weight, g .
2 4. 6. lo. 13 15 17. 21 23, tion, g
Glycoryl cstors of .
tall oil falty acids 30 cal 9| ' 62.7 2.6 74 1L6 235 317 3356 409 57.6  63.6 | 0/10 196.5
Glyeeryl ostors of
tall oil fatty ncids GO » 62.7 —-49 -—-64 -70 —-59 -63 -—97 —100 -T1 —506 4/10 93.0
Soybunn oil 30 2.6 89 157 208 313 399 465 545 711 79.5 | 1/10 226.2
Soybean oil 60 » 62.7 6.9 1L3 13.7 21.6 262 464 521 TG 774 2/10 178.6
Hydrogenated tall
oil fatty acid . o ) B
glyeorides 30 » 62.7 58 127 178 282 386 457 S5l.1 708 76.8 0/10 { 228.1
Hydrogenated soybean ‘ ’
oil 30 » 62.0 64 136 197 311 446 510 5508 756 705 0/10 2474
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range 200—260°C) were combined and fed to the rats at a level of 609, of

total calories. In order to assure an adequate amount of essential fatty

acids, 5 wt % of the total fat was soybean oil. The control group received
soybean oil. The basal diet was E. The results of this experiment (Table
14) indicate that the growth rate of the experimental group did not differ
essentially from the growth rates in the earlier experiments where ethyl
or glycery!l esters of the tall oil fatty acids were fed. The experimental
group lost weight initially and the weight did not rise to the original level
before the end of the experiment. Only one animal of this group died
during the experiment, but a statistically highly significant difference
(P < 0.001) was found between the weight gains of the control group and
the experimental group.

Hydrogenated glycerides of distilled tall oil fatly acids

When the glyceryl esters of the tall oil fatty acids were hydrogenated,
a substance was obtained which melted at 37°C and which after refining
and bleaching closely resembled food fats in many respects including
the chemical and physical constants. The fat was used in feeding experi-
ments at a level of 309, of the total calories. The other fats which were
used in the same experiments were soybean oil and glycerides of tall oil
fatty acids at levels of 30 and 609 and hydrogenated soybean oil (mp
32°C) at a level of 309, of total calories. The basal diets used were D and
E. The results of this experiment are presented in Table 15. The favorable

‘effect of hydrogenation on the glycerides of tall oil fally acids is clearly

seen; the weight gain of this group is almost equal to the weight gains
of the control groups receiving either soybean oil or hydrogenated soy-
bean oil. The group receiving 309, of total calories as glycerides of tall
oil fatty acids did not gain as much weight as the control groups, although
the differences were not statistically significant. On the other hand, the
group receiving glycerides of tall oil fatty acids at the higher level lost
weight and the animals did not regain their initial weights during the experi-
ment. The difference in the weight gain of the control group-given 0%,
of total calories as soybean oil and the group given the same level of glycer-
ides of tall oil fatty acids was highly significant (P<0.001).

Margarine prepared from hydrogenated tall oil fatty acid glycerides

The experiments in which margarine prepared from hydrogenated tall
oil fatty acid glveerides was fed lasted from five to ten wecks during which
time the weanling rats grew up to adults. A longer experimental period gives
better possibilities of following the development and well-heing of the ani-
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mals than a shorter period when most observations are made on the growth
of a certain group compared with a control group. A long-term experiment
can be followed by a reproduction experiment, which may give further infor-
mation on the physiological effects of the food components. Usually larger
groups are required in such experiments than in a shorter experiment. The
aim in these long-term experiments was to have groups of about 15—20
animals, both males and females, but some of the groups were smaller,

These studies included a series of experiments where three successive
generations of rats were fed the tall il fatty acid glyceride margarine.
The tall oil fatty acid glyceride margarine resembled ordinary margarine in
appearance and odor, but differed slightly in taste,

The first experiment (Experiment 1) of this series was carried out
using tall oil fatty acid glyceride margarine and, as control fats, butter
and margarine at 309, and 60%, levels of total calories. The water contents
of these fut products were taken into account by assuming that the fat
contents were 829,. The basal diets were D and E, Data on the number
of animals, weight gains, the experimental period, ete., are presented in
Table 16.

Of the males, the control group that received 309, of total calories as
butter had the highest weight gain as is seen in Fig. 3, but the weight
gain of the experimental group receiving 309, of total calories as tall oil
fatty acid glyceride margarine was almost as high and exceeded that of
the ordinary margarine group at the end of the experiment. All groups
receiving 60%, of their calories as butter, margarine or tal oil fatty acid
glyceride margarine grew at lower rates but the differences between the
control groups and the experimental group were insignificant. ‘There were
no statistically significant differences between the weight gains of the
control groups and the experimental groups at either level, but when the
experimental groups at the lower and higher levels were compared the
difference wus statistically highly significant (P <<0.601). The food SO~
sumptions of the different groups agreed with the growth rates. There
were some deaths in the different groups, but the mortality was not greater
in the high fat level groups than in the low fat level groups.

The growth curves of the females were similar to those of the males,
but their growth rates were much lower, The highest gain in weight occurred
in the group receiving 309 of total calories as tall oil fatty acid glyceride
margarine. The group receiving butter at the same level did nct lag much
behind, but the group receiving 609, of total calories as margarine passed
the group receiving the lower amount of margarine. Also in this experiment
the group receiving 609 of total calories as tall oil fatty acid glyceride
margarine grew at the lowest rate. Statistical caleulations indicated that
there were no significant differences between the control groups and the
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Table 18, .
The effeet of tall oil fatty acid glycerido margarino on weight gain of rats. Kxperiment I,
Typo and amount of fat in .T\T‘v"‘m A\'Gmg? camulativo ﬂ;ight gain, g Amgo
tho diet initial Week of experiment Deaths consump-
weight, g .
! 1. 2. 3. 4. 5. 6. 7. 8. 9, 10. tion, g
Males
Tall oil fatty acid
glycoride margarine 30 cal 9} 42.5 37.3 G647 86.1 108.1 1348 152.8 163.0 199.2 216.0 223.3 | 2/15 807.7
Tall oil fatty acid i :
glyceride margarine 60 » 42.2 20.8 510 714 90.8 121.0 1438 157.8 150.8 180.0 195.8; 05 711.2
Butter 30 » 42.5 38.8 68.8 949 116.2 150.4 175.4 190.7 200.2 226.6 233.3! 115 900.0
Butter 60 42.2 30.8 51.2 746 93.8 128.8 148.2 163.2 178.4 197.4 20241 0/5 682.2
Margarine 30 » 42.5 394 646 90.6 109.0 141.0 157.0 172.2 139.0 202.6 211.2 2/15 887.1
Margarine GO » 42.2 232 50.6 83.0 951 121.1 1443 159.3 154.3 200.8 207.5 2/6 703.0
Females
Tall oil fatty acid )
glycoride margarine 30 » | 46.0 | 27.7 50.6 67.5 80.4 90.1 1117 118.8 126.1 134.6 1359 0/19 | 754.4
Tall oif fatty acid
glyecrido margarine 60 » 45.9 16.2 375 517 652 80.6 941 10L.1 107.8 117.1 122.0{ o/10 525.0
Butter 30 » 46.2 20.2 484 63.1 759 91.3 105.5 113.7 121.5 130.7 134.7| 0/19 766.8
Butter 60 » 45.8 222 434 597 727 90.0 1029 109.8 116.1 122.1 125.1{ o/10 019.0
Margarino 30 » 46.1 27.8 473 657 766 93.8 104.2 113.2 121.0 128.9 130.7 1/19 752.0
‘ Margarine GO » 45.8 211 449 616 768 02.3 102.0 108.0 118.0 125.4 132.2] 1/10 604.2

or
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" Cumulative weight
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Fig. 3. Cumulative growth curves for male rats fed tall oil fatty acid glyceride marga-
rine, butter and margarine. I generation.

X —— X ——X-— 30 cal 9, tall oil fatty acid glyceride margarine

60 » » » » » » »
—_—~—0——0— 30 » butter
— e @ @ — GO ¥ »
O—0—)— 30 » margarine
—“—E—— 30 » »

experimental group at the lower fat level. The situation was the same at
the 60%, level but a probably significant difference existed between the
weight gains of the experimental groups receiving the lower and higher
fat levels (P <0.03). Only.two deaths occurred in the female groups, one
in each of the groups receiving ordinary margarine.

Long-term experiment II was carried out with the offspring of the
first generation. The general features of this experiment were like those
of the previous one, but a few alterations were made in the diet. In connection
with the reproduction experiments to be described below, »ring-tail» disease
was observed in the litters, and one cause of the disease was assumed to
be the low content of essential fatty acids compared to the considerably
higher content of saturated fatty acids in the diet fat. For this reason,
20 grams of soybean oil was added per kilogram of the diets D and E.
At the lower fat level, the fat consisted of 169, soybean oil and 849, butter,
margarine or tall oil fatty acid glyceride margarine, but at the higher fat
level the proportion of soybean oil was only 4.59%, and this was mixed with
95.5%, of the experimental or control fats. According to Holman, a

132



+

b

<

TRy

- 42 Amn. Acad. Sci. Fennice - A. II. 144

240
220
200~

@
o]
1

Cumulative weight gain, g

2 11 1 RO O I T
Il 2 3 4 56 7 8 9101
Time, weeks

Fig. 4. Cumulative growth curves for male rats fed tall vil fatty acid glyceride margarine,
bhutter and margarine. 11 generation.

=X —— X=—X-— 30 cal 9 tall oil fatty acid glyceride margarine

G0 » » » » » » »
—0=——0 — 00— 30 »  butter
— e @ @ — (O » »
~[—{—[1= 30 » margarine
-BE—E—B—- 6 »

rat’s requirement of essential fatty acids as ]mo]eatc is approximately 29,
of the total calories. Twenty grams of soybean oil per kilogram of diet
gives more than 10 grams of linoleic and linolenic acids per kilogram of
diel and together with the essential fatty acids in the other fats, the diets
contained sufficient essential fatty acids.

The results presented in Table 17 agree with those of the first tall oil
fatty acid glyceride margarine experiment. The initial average -weights
of the different groups differed slightly because only a limited number of
offspring of the {irst generation was available. The highest gain in weight
was recorded for the male control group which received 309, of total
calories as butter, but the experimental group at the lower fat level gained
almost equally in weight(Fig. 4). The tall oil fatty acid glyceride margarine
group on the 609, fat level did not thrive as well as in the first long-term
experiment, but lagged far behind the other groups. There were highly
significant differences (P <2 0.001) between the groups receiving 609 of
their total calories as butter or tall vil fatty acid glyceride margarine and
between the tall oil fatty acid glyceride margarine groups on the lower
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Table 17.
The effect of tall oil fatty acid glyecride margarine on weight gain of rats. Experiment II.
Averaon ¢ ive weieht cral 5 Averago
T . e Mean | Average camulative “Uahf Zain, gA o food
ype an t;uno(ix'rxl: o ut in initial R Weel £ - " T B Peaths consump-
10 l(,‘ “’Cight, 2 eeK ol experuanen tion, g
L2 3 4 5 6 7 8 9 10 (23 duys)
i [
Males
Tall oil fatty acid
glyceride margarino 30 cal 9! 42.6 211 52,0 834 113.1 139.1 166.8 1S5.4 208.6 216.3 227.0 0/9 343.1

Tall oil fatty acid

glycoeride margarine 60  » 34.3 6.2 174 28.9 467 67.0 93.4 1145 130.2 1441 155.7 1/10 220.2
Butter 30 » 30.6 254 0614 86.6 1144 141.1 168.5 187.7 209.0 °216.7 2324 0/10 3374
Butter 60 » 41.0 126 34.8 595 81.6 113.4 138.4 163.4 185.7 203.7 219.5 /10 269.7
Margarino 30 » 44.3 19.3  45.6 ° 70.0 94.2 126.8 148.0 1719 1949 202.8 215.4 1/10 320.1
Margarine . 60 » 37.8 13.5 352 52,0 731 103.7 127.0 151.7 -176.8 196.0 201.6 0/10 2624
Females

Tall oil fatty aecid '

glycerido margarine 30 cal % 447 17.0 454 659 851 103.2 117.3 1968 1354 14157 1446 0/20 279.2
Tall oil fatty acid .
46.3 623 7T7.6 909 10L.5 103.3 111.9 0/20 204.5

glyeeride margarine 60 » 31.6 5.7 176 28.0
Buttor 30 » 48,1 18.5 458 655 79.7 97.6 109.4 116.1 127.¢ 132.0 132.2 0/20 269.4
Butter 60 » 39.7 1.2 310 497 6L4 813 97.7 108.1 118.8 1259 129.1 0/16 227.3
Margurino 30 » 43.3 16.0 384 557 7L.6 89.0 100.6 108.6 121.3 127.4 128.8 0/20 258.9
Margarino GO » 35.0 10.6 323 53.0 686 86,1 102.3 1186 1289 1353 137.3 0/7 227.0
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and higher fat levels. A significant difference (P < 0.01) was found
between the high-level butter and margarine groups, but not between

- the low-level butter and margarine groups, nor between the butter and

tall oil fatty acid glyceride margarine groups.
The greatest growth in the female groups occwrred, as in the former
experiment, in the group receiving 30%, of total calories as tall oil fatty

- acid glyceride margarine. The control groups receiving butter and margarine

at both fat levels differed only slightly in their weight gains. The smallest
weight gain occurred in the group receiving tall oil fatty acid glyceride
margarine at the higher fat level. The difference between the control
group receiving 60%, of total calories as butter and the group receiving
the same proportion of tall oil fatty acid glyceride margarine was highly
significant (P < 0.001), but the difference was not significant at the lower
fat level. A significang difference was found between the margarine group
and the tall oil fatty acid glyceride margarine group on the lower fatlevel
(P < 0.01) and a highly significant difference between the groups receiving
tall oil fatty acid glyceride margarine at the lower and higher fat levels
(P < 0.001).

In this experiment food cansumptions were measured during three
one-week periods. The results are presented in Table 17. In general, the
food consumptions of the groups at the higher fat level were smaller than
those of the groups at the lower fat level and the food consumption of the
males was greater than that of the females. The only groups that consumed
apparently less food than the control groups were those receiving 609%
of total calories as tall oil fatty acid glyceride margarine.

The results indicate that the growth-promoting effect of the tall oil
fatty acid glyceride margarine at the lower fat level was comparable with
that of the control fats, but there was an apparent difference in growth
between the control groups and the tall oil fatty acid glyceride margarine
group on the higher fat level. This difference was more distinct in the
experiment with the second generation than in the experiment with the
first generation. :

A third experiment (long-term experiment III) was conducted with
the same kinds of diets, but with the offspring of the second generation. The
experimental period was shorter, only five weeks. In addition to groups
receiving butter, margarine or tall oil fatty acid glyceride margarine at
levels of 30 and 060% of total calories, there were three control groups
which received margarine made from refined (by redistillation in a vacuum)
tall oil fatty acid glycerides with or without a supplement of B vitamins
(biotin, pyridoxine, calcium pantothenate and folic acid) or only tall oil
fatty acid glyceride margarine supplemented with the B vitamins. All
these supplements were given at the higher fat level. The reasons for
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Table 18.
The effect of tall oil fatty acid glyceride margarine on weight gain of rats. Experiment ITI.
. ' ! Averagoe |
Type and swmount of fat in }I?a..u Average cumulative weight gain, g . rf:l?r(rl\ R
the diet ,"."i‘:‘l ) - - Deaths | o |
e . weight, g Week of experiment (7 days), J
1. 2, 3. 1. 3. g !
!
Muales 1[
" Tall oil futty acid i
glveeride margarine 30 cal 9,' 38.9 10.4 293 523  79.2 103.9 | 0/10 60.7 ]
Tall oil fatty acid
- glyceride margarine 60 » 371.5 1.1 11.0 15.4 24.2 33.8 . 0/10 35.6
Butter 30 » 44.1 29.4 0.2 1049 1466 176.5 | o/l 11092
Butter 60 » 41,6 23.0 55.5 8§28 121.5 1629 /10 E $1.6
Margurine 30 » 11.4 20.4 729 1052 1402 171.6 | O/10 | 107.3 ,
- Margarine 60 » 40.5 18.4 51.2 735 109.4 - 144.2 0/10 88.8 {
Tall oil fatty acid glyceride .
- margarine -+ vit. B 60 » 38.2 6.0 180 39.2 5.8 G644 | 0/5 40.5 . |
e,  Refined tall oil fatty acid ’ i
‘ glycervide margarine 60 : 39.4 16.2 266 418 538 640 | 05 3.3
Refined tall oil fatty acid ; ‘ '
glyceride marg. + vit. B 60 » : 39.8 19.0. 30.8 52.8 722 824 0/5 46.3 %
- !
Females f ‘
“Tall oil fatty acid | i
glyveeride margarine 30 cal % 395 12,7 33.2 5.0 683 9.4 | O/10 62.6 |
i Tall oil fatty acid ; | ’
glyeeride margarine 60 » ’ 315 3.8 11.0 14.6 21.2 28.0 | 0/10 28.0 |
Butter 30 30.5 258 539 40 969 1086 ¢ 0/10 87.6 l
Butter 60 » 45.6 19.0  46.4 62,2 88.2 108.2 | 0/10 713
e “Margarine 30 305 | 225 301 T34 940 1047 | 010 | 930 |
“Margarine GO » 16.5 183 10.2 611 839 104.6 | 0/10 23 |
Tall oil fatty acid glyceride ‘ |
i agargavine - vit, B 50 » 340 7.4 17.0 36.4 54.4 640 1 0/3 36.0 |
- Refined tull oil fatty acid : 3
i glyeeride margarine 60 » 33.8 162 232 . 39.0 522 59.4 | 05 41.8 !
Refined tall oil fatty acid

glycerida marg. 4 vit. B 60 » 34.0 16.4 23.2 435.2 61.0 70.8 | 0/5 449

refining the tall oil fatty acid glyceride margarine were the disturbances
. which were observed in the reproduction experiment with the second
- generation. It was suspected that the tall oil fatty acid glyceride margarine
had become oxidized and that the oxidation products could partly be
‘‘‘‘‘‘ g removed by redistilling the tall oil fatty acid glycerides. On the other
hand, oxidized fats may destroy several of the B-zroup vitamins even
in the animal organism.®®* This gave cause to add the vitamins in question
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Fig. 5. Cumulative growth curves for male rats fed tall oil fatty acid glyceride
margarine, butter and margarine. 11 generation.
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to the diets of two control groups in approximately twice the amount
which was supplied by the dried brewer’s yeast in the basal dicts.

The data of this experiment are presented in Table 18. The growth
results indicate that the control groups at the higher and lower fat levels
gained weight almost equally well, but that the experimental groups thrived
much worse. The result was the same in both male and female groups.
The diet containing both the refined tall oil fatty acid glyceride margarine
and the vitamin B supplement had the best growth-promoting effect.
The effects of refining the fat and adding the vitamin B supplement were
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_Fig. 6. Cumulative growth curves for male rats fed refined tall oil fatty acid glyceride

margarine with or without vitamin B supplements. ITI generation.

~=X——X-—X 30 cal % tall oil fatty acid glyceride margarine

60 » » » » » . »
—0——Q——0— 60 » »oo» » » » » -+ B vitamins
—A——A—A 60 » refined tall oil fatty acid glyceride margarine
L33 60 » »o» » » » » + B vitawins

almost equal, although the vitamin B supplement was possibly more
effective in the female group. The growth curves of the male groups ave
presented in Figs. 5 and 6.

There was a highly significant difference (P < 0.001) between the male
group receiving 309, of total calories as butter and the male group receiving
the same amount of tall oil fatty acid glyceride margarine. The difference
was equally significant (P < 0.001) between the groups receiving butter and
tall oil fatty acid glyceride mavgarine at the higher level. The difference
between the groups receiving tall oil fatty acid glyceride margarine and
refined tall oil fatty acid glyceride margarine at the 609 level was probably
significant (P < 0.05), but the vitamin B supplement did not have a
statistically significantly greater growth-promoting effect. The differences
in the female groups were similar to those in the male groups, but some
small differences were noted. The growth in the group receiving 309, of

" total calories as butter differed significantly (P < 0.01) from the growth

in the group receiving the same amount of tall oil fatty acid glveeride
margarine, but the difference was highly significant (P < 0.001) for the
groups receiving these fats at the higher level. The group receiving the
tall oil fatty acid glyceride margarine and the vitamin B supplement and
the group receiving refined tall oil fatty acid glyceride margarine differed
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highly significantly (P < 0.001) from the experimental group receiving
60% of total calories as tall oil fatty acid glyceride margarine.

The food consumption was recorded during one week only, but, as can
be seen from Table 18, the consumption corresponded well with the growth
rates of the different groups. No deaths occurred in any of the groups
during the experimental period. ‘

More than half of the animals in the groups in the third long-term
experiment were sent to the Department of Pathological Anatomy at the
University of Helsinki for histopathological examinations (page 54).

b. Reproduction experiments.

Reproduction experiments give valuable information on the effects
of a diet and its components. The breeding ability of the males and the
fertility and reproductive performance of the females and their ability
to suckle the young are dependent on, among other things, the dietary fat.
During the strain of the gestation period, any deficiences in nutrition lead
to disturbances in gestation or abnormalities in the offspring.

Several investigators®* ™™ have studied the effect of essential fatty
acids on the reproduction of rats. The results indicate that linoleic and
arachidonic acids are superior to linolenic acid as far as reproductive
performance of the rat is concerned.

The reproduction experiments were carried out in connection with
the long-term growth experiment with tall oil fatty acid glyceride margarine.
In the first reproduction experiment 10 females and 5 males from each
dietary group of the first generation were used. The offspring formed the
second generation, which in turn was bred to obtain the third generation.
The recond reproduction experiment partly failed and had to be repeated
(reproduction experiment IT1) with the sanie animals. From the litters
of this third reproduction experiment, groups were formed to provide the
third generation of the Jong-term experiment.

Eaxperiment I. The diets were the same in this experiment as in the first
long-term growth experiment. The data of the experiment are presented in
Table 19. It will be observed that the rats of the tall oil fatty acid glyceride
margarine groups reproduced even better than the rats of the control groups.
All females on the lower tall oil fatty acid glyceride margarine level gave
birth to normal litters and only two of the offspring died. Two females
on the 60% level failed to hecome pregnant and the whole litter of one
mother died. Half of the mothers in the control group receiv ing 60%) of

/0
total calories as butter ate up their litters and only half of the females in
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the 60%; margarine group had litters. Evidently two males in this group
were sterile. A few cases of »ringtaily disease were observed in every group
within ten days after the birth of the voung. The animals did not scem
to suffer from it noticeably, because they gained weight as well as their
healthy littermates and none of them died from the disease. There were
two possible explanations for the »ringtail» disease; a relatively low content
of essential fatty acids in the diet and too low a relative humidity and
temperature of the air and draught in the animal room during the winter-
time.

Experiment I1. As in the long-term experiment I, the diets were supple-
mented with 20 grams of soybean oil per kilogram to increase their content
of essential fatty acids. Three additional groups werve included in this
experiment; one that received 30%, and one 609 of total calories as marga-
rinc and the third 609; of total calories as tall oil fatty acid glyceride
margarine without the soyhean oil supplement.

The results are presented in Table 20. Marked differences are observed
between the groups. The reproductive performance at the 309, fat level
was almost normal and some of the litters were unusually large, but the
number of dead young was apparently higher than in the first experiment,
The difference between dictary groups was quite clear at the 609, fat level.
Death of the offspring or »cannibalism» was quite common in all groups
but most pronounced, almost 1009, in the groups that received 60°%, of
total calories as tall oil fatty acid glyceride margarine with or without
the soybean oil supplement. ’

Retardation and disturbances of growth were observed in a great number
of the offspring. The hair was very thin and there were yellow spots, partic-

Table 19.

Reproduction experiment. I, Number of litters and young in different groups and mortality percentages
. Number Total Number |, .

Type and amgvi.::t of fat in the of Litters! number | Mean Range | of dead Morgfshty Eaten

females of young young /o

| Tall oil fatty acid
i glyceride margarine 30 cal 9| 10 10 94 9.4 7—12 2 2.1 _
; Tall oil fatty acid
{ glyceride margarine 60 10 8 5 04| 711 - 8 10.6 -
: 30 » 10 7 61 8.7 5—-12 6 9.8 5
f 60 » 10 8 72 9.0 6-12 - 34 47.2 34
| Margarine 30 10t 10 93 9.5 T—14 3 3.2 -
I Margarine 60 » 10 b 49 0.8 712 2 4.1 —

-

One female died.

4
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ularly in the neck. An investigation made at the State Veterinary Laboratory
indicated that the animals had an unspecific deficiency disease, characterized
by the external signs mentioned above and by anemia and weakness of
the skeletal muscles. Vitamin B or E deficiency was suspected to be the
reason for the disease. As mentioned earlier, oxidized fat has a destructive
effect on vitamins A, E and several of the B group vitamins.?*® De-
hority et al.*® obtained evidence of the inactivating effect of codliver oil
on x-tocopherol in cattle.

The sringtaily disease was not observed during this experiment, neither
in the experimental groups nor in the control groups without added soybean
oil in the diet. Because of this it was concluded that the cause of the sringtail»
in the former reproduction experiment was not a deficiency of essential
fatty acids but rather draught, low temperatures and low relative humidities
in the animal room.

Eaxperiment I11. Because no living third generation young were ob-
tained from the 609, tall oil fatty acid glyceride margarine group in the pre-
ceding reproduction experiment, the experiment was repeated with the same
animals. The animals in each group were divided into two subgroups B and
E. The Dbasal diets in the groups were type I or E. The diets of the B

Table 20.
Reproduction experiment IT. Number of litters and young in different groups and mortality percentages.
. N : "ot Numbe .
Typo and am‘zl“;:: of fat in the | X ll:‘)l}bE‘I Litters xx?xg‘a l:‘ar Mean | Range :fu:?:::(; Morga,\hty Laten
i females of young | young :
t
Tall oil futty acid
glyeeride nargarine 30 eal 951 10 7 84 120 | 5-15 14 16.6 12
Tull oil fatty acid
glyceride margarine 60 » 10t 7 59 840 7--12 57 96.6 17
Butter 30 » 10 10 104 10.4 913 14 13.5 4
Butter 60 10 10 100 10.0 612 33 33.0 19
" Margarine 30 » 10 10 88 8.8 512 - 1n 12.5
Margarine 60 7 7 65 9.3 8§—12 24 36.9 12
Controls?
Tall oil fatty acid 10 8 74 9.3 8—-11 74 100 26
glyceride margarine 60 » I
Margarino 30 » 10 9 101 11.2 917 6 5.9 1
Margarine 60 » 10 {10 101 10.1 6--14 12 11.9 ]

! One female died.
Diets without soybean oil supplement.
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subgroups were supplemented with biotin, folic acid, calcium pantothenate
and pyridoxine as in the third long-term experiment. The E subgroups
received 0.16 gram of a-tocopherol dissolved in 2.5 grams of soybean oil per
kilogram of diet. In addition, control groups were formed from the animals
of the second long-term experiment. A group receiving 60% of the total
calories as margarine was excluded because no females were available. The
control groups reccived basal diets D or E containing 30 or 609, of total
calories as butter, 30% of calories as margarine or 30 or 609%, of calories as
tall oil fatty acid glyceride margarine containing only the vitamin E sup-
plement in the codliver oil. o ‘ :

The results ave presented in Table 21. As the groups were relatively
small, random factors may have affected the results. It will be observed
that the vitamin B supplement had a favorable effect on the litter sizes
and the survival of the young in almost all groups. An exception was the
group that received 30% of total calories as tall oil fatty acid glyceride
margarine and the vitamin B supplement, for two thirds of the young died
or were eaten. The favorable effect of the vitamin E supplement was not

Table 21.
~ Keproduction experiment 11I. Number of litters and young in different groups and mortality percentages.
. Num ota - N .
Type and amgput of fut in the | * m‘:;) * Litters n?x:)nbelsr Mean { Range ?fm(l\::fc;‘ )Iorﬁ:&hty Eaten
iet females of young young /0

Tall oil fatty acid )
glyeeride margar. 30 cal 9 5 5 50 10.0 8-12 10 20.0 6
'Y S 30 » +B! b 5 64 12.8 916 40 62.5 28
[ ] * 30 » +E® b 5 47 9.4 3-13 25 53.1 21
LI ) » 60 » 5 4 33 8.3 614 33 100 11
» @ » € » B ) ] 39 7.8 7— 9 11 28.2 6
" , 60 » L 5 0 — - - —_— - —
Butter 30 » & 4 36 . 9.0 3-14 . 8 2.2 7
* 30 +B L] 6 62 12.4 9—14 20 32.3 10
’ 30 » +E 5% 4 45 113 §~12 10 22.2 4
» 60 » 5 3 21 7.0 210 8 38.1 7
» 60 » +B 5 5 62 12.4 917 10 16.1 4
. 60 » +E b 3 21 7.0 2—-12 ‘1 52.4 3
Muargarine 30 » 5 4 38 9.5 712 4 10.5 3
'- 3 » +B| & 5 50 100 | 6—-12 | 25 50.0 17
» 30 » +E 5¢ b 32 6.4 3—-12 10 31.2 4
» 60 + +B 5 b 41 8.2 411 4 9.7 3
* 60 » +E 5 5 47 9.4 3—-12 24 51.1 16

' B = vitamin B-supplement.
: B == vitamin E.supplement.
3 One fenalo died.

s Two females died.
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Fig. 7. Survival curves of male rats fed tall oil fatty acid glyceride margarine, butter
and margarine.

—X——X——X— 30 cal ¥, tall oil fatty acid glyccride margarine
~0——0——0— 30 » butter

L[~ 80 » margarine

as obvious as that of vitamin B. On the contrary, the litters were smaller
and the mortality was greater inthe E subgroups. Inseveralofthe E sub-
groups, half of the young died or werc eaten by the mothers. The litter

sizes and the number of surviving young in the control groups were ahnost -

normal with the exception of the 609, tall oil fatty acid glyceride marga-
rine group in which all the young died. The group receiving tall oil fatty
acid glyceride margarine at the 609, level and the vitamin E supplement
was sterile.

No sringtails disease or other deficiency diseases were observed during
this experiment.

c. Longevity experiments

The lifc spans of experimental animals have Lecen shown to be longer
when their food intake is restricted.”? The same result is obtained when the
intake of food is lowered by a poor appetite under ad libitum feeding con-
ditions.”

The results of the longevity experiment with rats that received tall
.oil fatty acid glyceride margarine werc not so clear, partly because of the
small number of animals, but a certain tendency of the female rats receiving
tall oil fatty acid glyceride margarine to have a longer life span than those
recciving butter and margarine was observed.

Animals of the first long-term experiment which were left over from
the reproduction experiment were kept for the longevity experiment.
There were T—9 animals per group at the 309, fat level, At the 609, fat
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Fig. 8. Survival curves of female rats fed tall oil fatty acid glyceride margarine,
butter and margarine.
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level only 3—4 animaals per group were available, and hence the results for
these are not presented. The dicts were the same during the whole experi-
mental period. The animals were weighed once a month and the deaths were
recorded. ‘

The survival curves are presented in Figures 7 and 8. It will be seen
that the males in the low-level butter group died earlier than the males
in the low-level margavine and tall oil fatty acid glyceride margarine groups.
When all the butter-fed animals had died after 640 days, about 459, of
the animals in the other groups were still alive. The curves of the ordinary
margarine group and the butter group are linear but the curve of the tall
oil fatty acid glyceride margarine group is not; it drops nearly vertically
during the period from 600 to 650 days and crosses the ordinary margarine
group curve. The survival curves of the females have different courses.
The curves of the butter and margarine groups intersect, but they are almost
gimilar in shape, although only 15% of the butter-fed animals had died
when 37%, of the margarine animals had died. The tall oil fatty acid glyceride
margarine females had much longer life spans; the last animal died at
the age of 1127 days.

The growth curves are presented in Figure 9. After an initial rapid in-
crease, the average weights of the male groups reached a plateau where they
remained for a period of about 12 months, after which the weight gains
were more irregular owing to deaths, but mostly the trend was a declining
one. The differences between the males of the tall oil fatty acid glyceride
margarine group and the males of the control groups are not very clear.
In the female groups the initial rise was not so abrupt, the plateau was
reached earlier and the weight continued to increase slowly for about 15
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TALL OIL MARGARINE
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Age, months
Fig. 9. Growth of rats fed tall oil fatty acid glyceride margarine, butter and margarine
at a loevel of 309 of dietary calories in longevity experiment.,

months. The weight then declined in the butter group, but the margarine
and tall oil fatty acid glyceride margarine groups still gained weight, the
former up to the 19th month and the Jatter up to the 24th month, when
a decline began.

d. Histopalhological investigations

“In order to obtain information about any internal changes in the tissues
of the rats that were fed tall oil fatty acid derivatives, animals of the third
long-term experiment and animals that were given tall oil fatty acid
glyceride margarine for the determination of fat absorption were examined
at the Department of Pathological Anatomy, Division II, of the University
of Helsinki under the supervision of Professor H. Teir.

The organs examined were the lungs, heart, thyroid gland, adrenal
glands, liver, kidneys, stomach and part of the intestine (ileum and colon).
The organs werc first examined macroscopically and samples were fixed
in 10% formaldehyde and cut into 5-u sections, which were stained with
Hemalaun-Eosin and van Gieson’s stain,

Five male and five female rats from cach test and control group in the
third long-term experiment (p. 44), 90 animals in all, were examined for
pathological changes. No greater differences were observed between the

groups. The heart muscles were almost normal in the control groups and -

in the tall oil fatty acid glyceride margarine groups. In a few cases in-
flammatory cells were found, but they were of minor importance. The
most marked changes were observed in the thyroid glands of animals of
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the margarine and tall il fatty acid glyceride margavine groups, where
a few cases of thyroiditis were diagnosed. Infiltration and fat necrosis

had occurred in cells of some livers and the tubular cells of the kidueys

of some animals of all groups were swollen.

Sixteen rats, both males and females, fed tall oil fatty acid glyccride
margarine at the 30 and 609, levels in the fat absorbability experiment
were also examined. One fourth of the animals examined exhibited slight
degeneration ofliver parenchyma and the tubular cells of half of the animals
were swollen. Almost all groups included a few animals with peribronchal
infiltrations in their lungs and a few cases of mild hyperplasia in the thyroid
glands were observed. The adrenal glands were normal and no significant
changes were observed in the hearts, stomachs or intestines of the animals.

The results indicate that on average the animals that were given tall
oil fatty acids glyceride margarine had not suffered more serivus internal
lesions than the control animals in experiment 11T, but degenerative changes
had oceurred in the animals of the latter experiment, especially in the
livers and kidneys.

e. The absorbabilities of tall oil futty acids and their derivatives

The absorbabilities of tall oil fatty acid distillate, ethyl esters of distilled
tall oil fatty acids and tall oil fatty acid glyceride margarine were deter-
mined. Three separate experiments were performed to determine the absorp-
tion of fats from diets containing tall oil fatty acid distillate at a level of
30% of total calories. The basal diet was type B. The methods of determining
chromium in the feces and the average initial ages of the rats differed
slightly in these experiments.

In the first experiment young male rats weighing about 40 grams at
the beginning of the experiment were used. The control group received
30% of total calories as soybean oil. The feces of five animals from both
dietary groups were collected separately and the absorbability of fats was
determined by the chromium oxide method.%

The second experiment was conducted with older animals weighing

about 250 grams. The control group was fed a diet containing soybean
oil fatty acids and both this and the experimental group consisted of five
male rats. The food ingested was weighed during 5 days and the feces of
each rat were collected separately for fat content determination every day
for 5 days after the day the diet was begun. The absorbability was deter-
mined simultaneously from the same fecal material by the ordinary chro-
mium oxide method. v

The chromium oxide was determined by atomic absorption spectro-
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photometry® in the third experinient. One group of ten male rats was
fed tall oil fatty acid distillate and the control group comprising also ten
male rats soybean oil fatty acids. The mean weight of the rats at the begin-
ning of the experiment was 95 grams. The chromium content of the feces
was determined on each of four days and twice on a sample collected during
five subsequent days.

The absorbability of the ethyl esters of distilled tall oil fatty acids at
the 309 level in the diet was determined using the chromium oxide method.
The control group was fed soybean oil. The basal diet was type B. There
were {ive male rats per group and the average initial weights of the rats
were about 40 grams.

One experiment was carried out in which tall oil fatty acid glyceride
margarine (prepared in the laboratory of the Department of Dairy Science,
University of Helsinki) was given at the 309, and 609% fat levels. The
basal diets were types B and C and butter was used as the control fat. Fort y
male and forty female rats were divided into eight groups of ten animals
each (males and females in separate groups). The average initial weights
of the animals of the groups were 41—44 grams. The absorbability of the
dietary fats was determined using the chromium oxide method. The feces
were collected separately from each rat during 8—20 days and duplicate
determinations were made on each sample.

‘Table 22,

fatty acids, soybean oil and soybean fatty acids.

Nun Meas
Typo and amount of fat in the diet Ago of rats Z\Iethoc:l Of. deter- N o}ber absorll:e;gili(-y
L mination
samples percentage
Tall oil fatty acid distillaio 30 cal 9 young chromium oxide® 5 86.7-0.322
T ’ » 30 full-grown v ' 5 96.94-0.38
L2 ] » » » 30 » full-grown | food consumption 25 96.4--0.38
L Y » » 30 young chromium oxide! 59 95.70.03
Ethyl esters of distilled
tall oil fatty acids 30 » young chromium oxide? 5 03.1::0.96
Soybean oil fatty acids 30 full-grown | chromium oxide?® 5 97.42-0.08
» » » » 30 » full-grown food consumption 25 97.65-0.49
? * ) » 30 » young chromimin oxidet 60 96.6.:-0.05
Soybean oil 30 young chromium oxide? 5 98.1:-0.32

1 Unecorrected for endogenous fat excretion.
% Standard error of mean.
# Chromiwn determined by colorimetry.

4 Chromium determined by atomie absorption speetrophotometry.
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The data of the fat absorption experiments are presented in Tables 22
and 23, The fat absorption percentage given for each group is the mean
of the determined values. The results indicate that the absorbabilities
of tall oil fatty acids and tall oil fatty acid glyceride margarine are re-
latively good. The lowest absorption percentage, 93%, was obtained for
the ethyl esters of distilled tall oil fatty acids. The average results for the
tall oil fatty acid distillate are very similar for both voung and adult rats,
about 96979, as detcrmined by the ordinary chromium oxide method.
The individual vaviations were, of course, larger, 1—29%,. The results
were almost the same, only 0.2-0.5%, lower, when the food consumption
method was used. The absorbability was found to be about 1%, lower
when the chromium oxide content of the feces was determined by atomic
absorption spectrophotometry than when the ordinary chromium oxide
method was employed. It is evident that the atomic absorption method
is more sensitive and gives more accurate results.

As hydrogenated fats and saturated fats like butter are usually absorbed
less effectively than oils, the same was expected to be true also for the tall
oil fatty acid glyceride margarine, but the results indicate that the absorption
of the latter was relatively high, 95—-96%,. The differences between the
high and low fat groups were not significant, nor were the differences between
the male and female groups significaut. The absorbability of butter -fat,

Table 23.
Absorbability of fat in young rats given tall oil fatty acid glyceride margarine and butter.!
. Num >
Type and amount of fat in the diet Sex of rats | Method of deter- ofbat nbsorll'?:gi‘lity
mination samples percentage
Tall oil fatty acid glyceride
" margarine 30 cal 9 male chromium oxide? 10 05.730.823
Tall oil futty acid glyceride ' ‘
margarine 30 » female ] ’ 10 95.9-0.67
Tall oil fatty acid glyceride
margarine 60 » male ’ » 10 05.2£0.75
Tall oil fatty acid glyceride
margarine 860 » female » » 10 - 96.4+0.31
i Butter 30 » male » * 10 94.3+-0.62
. 30 ferale * » 10 93.5+0.32
» 80 male » » 10 92,9113
. 60 s female ’ ’ 10 88.0-+1.60

o i .

Uncorrocted for endogencus fat excretion.
Standard error of mean.
Chromium determined by colorimetry.
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however, was lower than that of tall oil fatty acid glyceride margarine

“and it was 2—79, lower at the 60%, fat level than at the 309, fat level.

There was also a statistically significant difference (P <0.01) between
the male and female groups at the 609, butter level.

IV. EFFECT OF TALL OIL FATTY ACIDS ON TISSUE LIPIDS

‘A. Review of the literature on the effects of dietary fats on the fatty
acid composition of tissue lipids

1. Adipose tissue

The predominant lipid class present in adipose tissue is the triglyceride
class, which is usually considered the chief one in composition and fatty
acid turnover studies. It is generally stated that dietary fatty acids alter
the fatty acid compositions of depot fats and numerous investigations have
dealt with the changes in fatty acid composition of adipose tissue in response
to diet. The depot fats of aquatic animals have highly unsaturated fatty
acid patterns, whereas the depot fats of land animals contain mainly
palmitic and oleic acids. Ruminants represent a special class of land animals
whose depot fats are modified by the action of rumen bacteria. In the
following, mainly the adipose tissue fats of humans and rats are discussed.

Short-chain fatty acids ( < Cy,) are usually not stored as glycerides
in the adipose tissues of rats to any greater extent,’™ although Gellhorn
et «l.™ found nearly 59, decanoic acid in the adiposo tissues of suckling
rats. Knittle and Hirsch? investigated the effect of chain length on the
incorporation of C, — Cy; fatty acids into triglycerides of rat epididymal
fat pads in vitro. Their results indicated that only small amounts of acids
with very short chains ave directly esterified to triglycerides, the major
portion being elongated before esterification. Glycerides of fatty acids
of intermediate chain length are deposited to a certain extent. Thus
Longenecker™ and Ostwald et al.* found 25—309, lauric acid among the
fatty acids in the depot fats of rats fed a diet containing coconut oil.

The levels of long-chain saturated and polyenocic acids in adipose
tissue lipids are readily altered by variations in dictary fat. When the diet
is almost fat-free, the proportion of palmitic acid is nearly 309, which
represents fatty acid actually synthetized by the animals, but when the
diet contains unsaturated oils, the dietary fat is reflected in the depot;

~fat and the amount of palmitic acid is much lower.™ The major component

fatty acid of adipose tissue fats is usually oleic acid, which often amounts
to over 40%,. This acid seems to be a relatively constant component. and
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the diet has less influence on its content than on the contents of other

unsaturated fatty acids. This is due to the endogenous synthesis of oleic

acid from saturated fatty acids, maiuly stearic acid. Tove and Smith8
observed that when the fat in the dict of mice contained 159, olcic acid,

“the level of this acid in the depot fat rose to 679%,. This level of oleic acid
was not exceeded although the content of oleate in the diet was more than

doubled. When the level of oleic acid in the depot fat increased, palmitic
acid was the only acid whose content decreased relative to the contents
of other acids,

The most important group of fatty acids derived from the diet are the
essential fatty acids, linoleic and linolenic acids. The linoleic acid content of
78,81,82
Tove and Smith® investigated the specific patterns of fatty acid replacement
and observed that when the linoleic acid level in the depot fat increased
to about 439, palmitoleic acid was the only acid whose content decreased

relative to the others, and a relative increase was noted in the amount

of stearic acid. When the amount of linoleic acid in the depot fat rose
above 45%,, the contents of palmitic, palmitoleic and myristic acids decreased
and the content of stearic acid increased. The investigations of Holman and
coworkers on the dose-response of single dietary fatty acids revealed that
the content of metabolites of linoleic acid rose with increasing dietary
linoleate. Increasing amounts of dietary linoleic acid were able to suppress
the content of ,, and C,, metabolites of linolenic acid, but relatively high
concentrations were required to produce this effect.® Linolenic acid is
not readily deposited in adipose tissue lipids, and only minor amounts of
it have been reported to occur in human depot fats. Arachidonic acid is
not stored in adipose tissue,” but other C, acids have been detected,
although in relatively small amounts.

Incorporation of odd-numbered and branched chain fatty acids into
the adipose tissue lipids of humans has been observed by several investiga-
tors,**~® but usually only trace amounts of these acids have been found.
Appreciable amounts of {rans fatty acids have been detected in the lipids
of human adipose tissue.*”*"**! Oxygenated acids have been found by several
investigators in adipose tissue lipids when diets containing epoxy acids
and hydroxy acids have been fed to experimental animals. 929398

2. Blood lipids

Red blood cells contain considerable amounts of unesterified cholesterol.
Monsen e al.% found levels that were three times higher than the level
of total cholesterol in the plasma of rats. They observed that the amount
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of erythrocyte cholesterol was not affected by sex, dietary fat or level of '

cholesterol in the diet. Palmitic acid predominated over other saturated
fatty acids in the triglyceride fraction of the erythrocytes, while palmitoleic
and oleic acids were the main unsaturated components. The composition
of the triglyceride fraction of erythrocytes remains apparently independent
of the dietary fat. Phospholipids account for the greatest proportion of
erythrocyte lipids. In contrast to their effect on the triglycerides, variations

in the dietary fat cause appreciable changes in the fatty acid composition

of the phospholipid fraction. Monsen ¢t «l.% observed increased amounts
of linoleic and diminished amounts of oleic acid in the erythrocyte phos-
pholipids of rats that had been given safflower oil in their diet. The quantity
of arachidonic acid remained high and essentially constant regardiess of
the composition of the dietary fat. Hill et al.*® observed similar changes in
the phosphatidyl choline and serine fractions of human erythrocyte phos-
pholipids when a diet rich in corn oil was consumed. No changes were ob-
served in the fatty acids of the phosphatidyl ethanolamine and sphingomy-
elin fractions. The authors suggested that highly specific exchanges with
plasma fatty acids. lead to the alterations. Ways and Hanahan* found
highly unsaturated fatty acids in the phosphatidyl ethanolamines of human
eryvthrocytes. 4

Plasma lipids usually contain relatively high proportions of cholesterol
esters and phospholipids and appreciable amounts of mono- and diglycerides,
free fatty acids and free cholesterol, but the amount of triglycerides is
relatively low. The plasma lipids are affected by the dietary fat to a con-
siderable extent.S** Oleic acid is the predominating fatty acid of plasma
triglycerides according to Goodman and Shiratori,)® but large amounts
of palmitic and linoleic acids are also found. Plasma cholesterol esters
contain large amounts of polvunsaturated fatty acids. Linoleic acid predom-
inates in human plasma,’® ' while arachidonic acid is the main fatty
acid in the plasmas of other species such as the rat.)** The phosphalipid
fraction is relatively constant in composition and is not affected by dictary
fat although age, sex and growth rate are known to influence it.”® The main
component fatty acid in human plasma phospholipids is palmitic acid ' 1*%1"*
Monsen et al.® found that arachidonic acid is the main component in the

~ plasma phospholipids of the rat. The amount of saturated acids is affected

by sex differences; female rats maintained a higher proportion of stearic
acid, whereas males had consistently more palmitic acid than did females.
The different phospholipid classes show individual variations in fatty
acid composition. According to Williams ef «l.,)% the phosphatidyl choline
and phosphatidy] serine fractions contain almoest equal amounts of saturated
and unsaturated fatty acids, whereas the fatty acids in choline plasmalogens
and phosphatidyl ethanolamines are predominantly saturated.
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3. Liver lipids

Triglycerides amount to necarly one third of the total liver lipids, but
ghy 3 P

their content varies slightly depending on the type of dietary fat. The

charactevistics of the dictary fat are reflected in the fatty acid composition
of the liver triglycerides; there are, however, marked differences between
fatty acids which can be synthesized endogenously and those which are
dependent on dietary sources. Okey et al% detected nearly 9% laurie
and myristic acids in liver triglycerides of rats fed a diet containing 10%
coconut oil. However, the percentage of these acids in the liver never
reached the percentages in adipose tissue triglycerides of the same animals,
and cvidence was found that the lower fatty acids are rapidly oxidized
in the liver or transported to other tissues and are only partly stored
as triglycerides in the liver. The finding of Sheig and Klatskin'®® that of
labeled octanoic and palmitic acids, much less octanoic acid than palmitic
acid was incorporated into hepatic lipids is in agreement with the previous
results. Saturated acids remain at relatively constant levels regardless of
the diet, but the percentages of oleic and linoleic acids vary greatly depend-
ing on the fatty acid composition of the dietary fat. Numerous investiga-
tions'6 108 10% M oo peerning the incorporation of linoleic acid into liver
and other tissue lipids after the intake of ditferent amounts and types
of dietary fats have revealed that dietary linoleate is reflected much
earlier in liver neutral lipids than in liver total lipids or carcass lipids.
Small amounts of arachidonic acid have been detected in liver triglycerides
of animals fed safflower 0il1% Observations of Holman and others!!*-1
suggest that there is a competitive inhibition of the formation of higher
metabolites in liver lipids by oleate, linoleate and linolenate.

The type of dietary carbohydrate has been found to influence the fatty
acid composition of liver lipids. Thus, Casal and Holman'? observed higher
proportions of odd-chain fatty acids in liver lipids of rats fed a high-starch
dict, while sucrose, glucose or maltose as a principal ingredient in the diet
did not alter the normal fatty acid patterns of the liver lipids.

'The cholesterol ester content of livers of rats on normal diets does not
exceed 5%, of the total liver lipids, but it is well known that excess cholester-
ol in the diet significantly increases the amount of esterified cholesterol.
A cholesterol supplement led to the retention of a high proportion of linoleic
acid in the livers of rats fed cottonseed oil, but decreased the proportion
of linoleic acid retained in the livers of rats fed coconut oil low in linoleate.
The latter rats evidently used higher proportions of oleic and palmitoleic
acids in the esterification of cholesterol®® Liver cholesterol esters are
similar to the liver triglycerides in fatty acid composition but contain
much higher proportions of polyunsaturated fatty acids than the plasma
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cholesterol esters.’™'® The percentage of myristic and lauric acids in the

liver cholesterol esters never exceeded 5%, regardless of dict,’® but palmitic
and stearic acids amounted to over half of the total fatty acids in liver
cholesterol esters of rats fed a laboratory chow.1®® The linoleic acid content
of liver cholesterol esters responds to changes in diet even more rapidly
than its content in the plasma esters.!® Williams et «l.1% observed a decrease
in oleate in liver cholesterol esters of rats suffering from pyridoxine defici-
ency, but the arachidonic and linoleic acid contents were significantly
higher in the cholesterol esters of the pyridoxine-deficient animals. These
authors concluded that pyridoxine deficiency alters the metabolism of
dietary and endogenous cholesterol.

The fatty acid composition of liver phospholipids is Jess sensitive to
variations in diet than that of the other fractions. Phospholipids usnally
form over half of the total liver lipids," but the proportion of total phospholi-
pids tends to be lower in pyridoxine deficiency.® High proportions
of stearic and arachidonic acids are characteristic of phospholipids. Okey
et al.’ found the proportion of arachidonic acid to be nearly 109, higher
in the phospholipid fraction of the rat liver than in the plasma. Thirty-
five to fifty per cent of the phospholipid fatty acids are saturated. A sex
difference was observed by Okey et al.1% jn the chain lengths-of the saturated
fatty acids, stearic acid being present in high proportion in the phospholipids
of female rats and palmitic acid in males.

The various phospholipid classes differ in faity acid composition. The

- major phospholipid classes in rat liver are phosphatidyl cholines and phos-

phatidyl ethanolamines among both mitochondrial and microsomal phos-
pholipids, which alone comprise more than 759, of the total phospholipids.
About 459, of the fatty acids of the phosphatidyl cholines and ethanola-
mines in rat liver mitochondria and microsomes are the essential fatty acids,
linoleie, Cyy and C,, polyenoic acids, and particularly the percentages of
arachidonic and docosahexaenoic acids are high in the phosphatidyl
ethanolamine fraction of the microsomal phospholipids.*® In animals on
fat-free diets, the proportion of linoleic and arachidonic acids esterified
in the g-position of mitochondrial phosphatidyl choline and ethanolamine

- decreases and that of palmitoleic and oleic increases significantly.

The predominating saturated acids esterified in the a-position are palmitic
and stearic acids. The inositol glycerophosphatides of both mitochondrial
and microsomal lipids contain over 709, stearic acid in the w-position
and arachidonic acid is the main unsaturated acid.1®
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4. Fecal lipids

The composition of fecal lipids varies within relatively wide limits.
According to Williams et al.»® 5 to 139, each of triglycerides, esterified
cholesterol, unesterified cholesterol and phospholipids are found in samples
of human fecal fut. The percentage of free fatty acids varies from 12 to
20. The fecal lipids include some unabsorbed dietary fat, but the major
fraction is of endogenous origin or results from the synthetic action of
intestinal microbes; the uncommon hydroxy acids and branched chain
fatty acids are products of the metabolic action of microbes.!t
Investigations on the fatty acid compozition of human fecal lipids have
shown that palmitic and stearic acids each amount to over 309 of the total
fatty acids.'™ "' Perkins ef «l.? investigated the effect of fresh corn oil
fatty acids and hydroxy acids on the fatty acid compositions of carcass
and fecal fats in the rat. They found that when fresh corn oil was given,
the major component of fecal fatty acids was oleic acid, but when corn oil
fatty acids were given, the content of linoleic acid was significantly higher
than the content when corn oil was given, and even the amount of oleic
acid was higher. Ricinoleic acid was rapidly eliminated in the fecal fats.
The results of Uksila and Kurkela!® on the fatty acid composition of the
fecal fats of rats given diets which contained fresh orheated butter, lard or
safflower oil revealed a correlation between the dietary and fecal fats.
The linoleic acid content was lower in the groups that consumed heated
fats than in the groups that consumed unheated fats.

B. Present investigations

1. Materials and Methods

a. Experimental animals and diets

The experimental animals whose tissue lipid fatty acid compositions were studied
were those used in the cxperiments to determine the absorbability of tall oil fatty
acids and soybean oil fatty acids. A separate group of rats given glyceryl esters of
tall oil fatty acids was used for the study of fceal fats.

The fat in the diet amounted to 309, of the dietary calories. The type of diet was
D, the detailed composition of which is given in Table 4.

b. Sampling and storage of tissues
The rats, which usually were fasted overnight, were rapidly anesthesized with

ether ad. narcosin (Orion Oy). Each animal was placed on a small animal operation
board and the abdomen opened. The blood was withdrawn from the infernal vena
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cava and centrifuged 15 min. at room temperature at about 2 500 rpm in a centrifuge
tube containing heparin (Medica Oy) to prevent coagulation. The plasma, was stored in
a refrigerator until extracted a few days later. The liver was removed from the abdomen,
blotted dry, weighed and immediately cooled and stored in an air-tight glass jar
over Dry Ice until extracted. The adipose tissuc samples were collected from around
the kidneys or from the intestinal fat layers and stored in the same manner as tho
livers,

For the determination of fecal fatty acids, feces samples were collected in the
experiments for the determination of absorbahilit ¥ and stored under nitrogen at - 20°C
until analyzed.

¢. Reugents and reference compounds

- Reagents Grade Source
Hydrochlorie acid 37 per cent, d 1.19, E. Merck AG
guaranteed reagent
Potassium hydroxide Guaranteed reagent E. Merck AG
Hilica gel G . For thinlayer chromatography E. Merck AG
Sodinm carbonate Anhydrous, guarantced reagent E, Merck AG
Sodium sulphato Anhydrous, guarantesd reagent E. Merck AG
Sulphuric acid 9597 per cent, d 1.84, guaranteed K, Merck AG
reagent
Acetic acid 99—100 por cent, d 1.05, guaranteed E. Merck AG
reagent
Acetic anhydride Guaranteed reagent . E. Merck AG
Chlaroforn Guaranteed reagent E. Merck AG
Chronosorh W Acid-washed, DMCS-treated 60/80 M. Applied Science
Lab., Ine.
Diazald Research chemical . Aldrich Chem. Co.
Ine.
Dichlore(R)fluorescein Indicator The British Drug
. Houses, Ltd.
Diethyl ether Guaranteed reagent E. Merck AG
Ethanol Grade Aa The State Alcchol
Menopoly
Ethylene glycol LAC 4-R-886 Wilkens Instr.
saecinate polyester & Res., Ine.
#-Hexano Guaranteed reagent L. Merck AG
Methanol Puriss. pro analysi Fiuka AG
Petroleum cther B.p. 40-60'C, AnaluR reagent The British Drag
: Houses Lid.
Pyridine Guaranteed reagent E. Merck AG
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Reference compounds and mictures Grade Source
Chalesterol SCwW " Nutritional Biochemicals Co.
Cholosterol oleate Luboratory reagent The British Drug Houses Ltd.
d, l-g-Lecithin, synthetic Practical grade Sigina Chemiecal Co.
Oleic acid Highly purified ., Hormel Institute
T'riolein Highly purified Hormel Institute
" Methyl arachidonate Highly purified Hormel Institute
Methyl linolenate Highly purified Hormel Insitute
Methyl palmitoleate Highly purified Hormel Institute
Mixture of methy! esters of hexanoie, 1..201 Applied Science Laboratories

octanoie, nonanocic, decanoic and

undecanoic acids

Mixture of methyl esters of undecanoie, L-202 Applied Science Laboratories
laurie, tridecanocie, myristic and

poutadecaunic aciils )

Mixture of methyl eaters of L-203 Applied Science Laboratories
pentadecanoic, palmitie, heptadecanoic,

stearic and nonadecanoic acids

Mixture of methyl esters of palmitic, GLC 1 Hormel Institute
stearie, oleie, linoleic and linvlenic acids
Mixture of methyl esters of palmitic, 189-9 Sigma Chemical Co.

nonadecanoic, heneicosanoie, evicosanoic
and docosanoic acids

d. Analytical methods

Lipid extraction proceduros

The adipose tissue was extracted by the method described by Soéderhjelin and
Sbderhjelm'™ as modified in the Laboratory of Physiological Hygiene, University
of Minnesota.!'® The tissue (2—4 g) was homogenized in 0.2 ml of coned. hydrochlorie
acid in & mortar. The homogenate was transferred with 959, ethanol to a Roehring
tube and ethanol was added up to the 18-ml mark on the tube. Nitrogen was passed
into the tube which was then inverted four times. The mortar was rinsed with 20
ml of ethyl ether, which was then added to the tube, which was flushed with nitrogen
and then shaken for I min. Seven milliliters of distilled water and 25 ml of petroleumn
ether wero added. Nitrogen was passed into the tube which was shaken again. The
tube was allowed to stand uatil the upper layer was clear. This layer was filtered
through a thin cotton layer into an erlenmeyer flask. The extraction was repeated
twice in succession with & ml of ethanol, 15 ml of diethyl ether and 15 ml of petroleum
cther. Nitrogen was used to remove air before each extraction. After the last extraction,
so 1auch water was added that the other layer could be removeqd completely. The
ethereal solution was evaporated under a streamn of nitrogen on a water bath at 40°C.
The lipid sample was stored under nitrogen at —20°C until analyzed.

The plasmw lipitls were extracted by the method of Krell and Hashim,"® which
is a modification of the Folch proceduare.t* The plasma (2—3 ml) obtained from each

I
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animal was injected with a glass syringe into a 50-ml volumetric flask containing 20
ml of a 2:1 (v/v) mixture of chloroform and methanol. The mixture was brought to
the boil while being agitated, then cocled to room temperature and made up to
volume with chloroform-methanol. The flask was thoroughly shaken by hand and the
mixture filtered through a Whatman No. 3 filter paper that had been extracted fat-
free with chloroform-methanol or petroleum ether. The fine protein precipitate that
remained on the filter paper was discarded. The filtrate was collected in a 100-ml
separatory funncl containing 15 ml of distilled water that had been equilibrated with
chloroforni-methanol. The filtrate and water were thoroughly shaken together and
allowed to stand until two layers separated. The chloroform layer was transferred
to an erlenmeyer flask and evaporated to dryness under niirogen in a water bath
at 50°C. The residuc was stored in a desiceator in a refrvigerator until analyzed,
The livers were dried in a vaenum oven at G0°C for 24 hours. They were then
ground with guartz powder in a mortar and extracted by the Folch proceduret®
with 20 volumes of chloroform.methanol to onn volume of liver tissue. The mixture
was shaken in a 300-ml separatory funnel, washed with distilled water, equilibrated
with chloroform-mnethanol and allowed {o separate. The lipid extract was filtered
through fat-free cotton wool into a Soxhlet flask and evaporated to dryness on a
water bath at 50°C. The samples were stored under nitrogen at —20°C until analyzed.
Lipids were extracted from the feces samples by the method deseribed by King.

Thin-layer chromatography of tissue lipids

The lipid samples from different tissues were usually fractionated into phospholi-
pids, cholesterol, mono- and diglycerides, free fatty acids, triglycerides and cholesterol
esters by thin.layer chromatography. .t

The glass plates were 200X 200 mm and 4 mm thick. They were conted with a
0.25.mm-thick slurry of silica gel with a Desaga applicator (Desaga GmbH, Heidel-
berg). The slurry was prepared by shaking 35 g of silica gel and 70 ml of water in a
stoppered erlenmeyer flask for 2—3 min. The coated plates were dried in air, activated
at 100—110°C for one hour and stored in a desiceator until used. .

The lipid extracts and reference compounds were applied onto the plates with
a 5-ul Carlsberg micropipette. The refevence compounds were d,l-u-lecithin, cholesterol,
oleic acid, triolein and cholesterol oleate. The samples were pipetted on a line 1.5 em
from the lower edge of the plate; 5 samples each containing 1-- 10 pl of fut or reference
compound were applied to each plate. Solid fats were first dissolved in a small volume
of chloroform.

The solvent was a mixture composed of 25 volumes of diethyl ether, 2 volumes of
glacial acetie acid and 73 volumes of n-hexane. The solvent was poured onto the bottom
of the developing chamber to a depth of 0.5 em. 'The front and back walls of the
chamber were covered by filter paper to effeet saturation of the air space.

Fach run took 20--30 min. The plates were air-dricd and immediately sprayed
lightly with a 0.29; solution of 2'7"-dichlorofluorescein in ethanol. The phospholipid,
triglyceride and cholesterol ester spots were located in UV light, marked with a
sharp necdle and guantitatively seraped into 30-ml erlenmeyer flasks for later analysis,
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Gas liquid chromatography of tissue lipids

Saponification: The lipid samples fractionated on the thin layer plates were

" analyzed by gas liquid chromatography. The fractions, which wero quantitatively

scraped from the plates into 50-ml erlenmeyer flasks, were saponified with 10 ml of
aleoholic potassium hydroxide (2 g of KOH in 50 ml of absolute ethanol) for 1 hour
in & water bath at 82°C. Lach flask was fitted with a reflux condenser and both were
flushed with nitrogen before the saponification. After the solution had cooled, 30 ml of
distilled water was added and the mixture was transferred to another flask so that
the silica gel residues were left in the first flusk. The liquid was extracted twice with
7 ml of petroleum ether to remove the unsaponifiable matter, which was discarded.
The fatty acids were liberated with 3 ml of 1095 hydrochloric acid, 10 ml of distilled
water was added and the fatty acids were extracted with two 10-ml portions of
petrolewn eother. The extract was dried with anhydrous sodiwmn sulphate.

sterification: The filtered solution wag evaporated under a stream of nitrogen
and 4 ol of acidified methanol (195 w/v concd. sulphuric acid in absolute methanol)
was added to the flask. The flask was attached to a reflux condenser and the flask
and condenser were flushed with nitrogen before the liguid was refluxed two hours
at 85°C. After it had cooled, the mixture was extracted with 10 ml of petroleuin ether
and the water was removed by suction. The petroleum ether layer was washed with
10 ml of water, which was removed by suction. The petroleum ether extract was
dried overnight over a mixture of sodiwun sulphate and sodinum carbonate (20:1)
to remove water and poszible acid residues. The solvent was evaporated under nitro-
gen and the methyl esters were transferred with a small volume of solvent to a semi-
micro centrifuge tube with a sharp point closed with a rubber or Teflon stopper and
stored under nitrogen at —20°C in the dark.

Before chromatography, the solvent was removed with a stream of nitrogen.

Chromatography: Gas liquid chromatography was performed with a Perkin Blmer
M 800 gas chromatograph. The columns used were eithier Golay columns (Perkin
Elner, Norwalk) 1350’ long and 0.01” in inside diameter coated with butanediol
succinate or 2-meter-long stainless steel columns packed with Chromosorb containing
ethylene glycol succinate. Before mixing with Carornosorb, the ethylene glycol suecinate
was dissolved in chloroform-ethanol (1:2 v/v) and passed through a column of Dowex
1 to remove any acid residues.'® After evaporation of the solvent, the polyester was
treated with acetic anhydride containing pyridine to esterify any free hydroxyl
groups present. After evaporation of the solvent in vacno, the polymer was suspended
in ether and treated with diazomethane to esterify any free carboxyl groups remaining
after the anion exchange. Chromosorb, 80 — 100 mesh, was impregnated with 159, of its
weight of the dry polyester. The carrier gas was nitrogen and the flow rate approxi-
mately 30 ml/min. Samples 0.1—0.7 gl in volume were injected with 1.u4l or 101
Hamilton syringes. The runs were temperature programmed from 160° to 190°C
at a rate of 1.7°/min when Golay columns were used and from 140°C to 1935°C at a
rate of 3.3°/min when stainless steel columns were used. The peak areas were measured
by triangulation.

Most of the fatty acids were characterized by direct comparison of the retention
times of their methyl esters and those of the reference compounds. Cis-5,9,12-Octade-
catrienoic acid was identified by means of its retention time read from a chromatogram
of methyl esters of pine seed oil fatty acids.
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2. Results

In the presentation of the fatty acid compositions of the various lipid
fractions, the percentages of fatty acids containing less than 14 carbon
atoms are summed. Distinct peaks were obtained with the columns used
beginning from hexanoic acid, but the identification of the short chain
acids was uncertain in some cases, obviously because some decomposi-
tion and oxidation of the methyl esters had occurred during the storage
of the samples and peaks of new components possibly overlapped the peaks
of esters of the short-chain acids in the chromatograms. Particular emphasis
was laid on the determination of the C) acids and especially ¢is-5.9,12-
octadecatrienoic acid. Eicosanoie, eicosaenoic, eicosadienoic and eicosatri-
enoic acids are combined as C,, acids. Only eicosatetraenoic or arachidonie
acid js presented separately because it is a major component acid of phospho-
lipid fractions.

A few minor components could not be identified and their contents
are given in the columns headed »other acidsy. They were in all probability
unsaturated Gy, Gy, C¢ and Cy, acids. It is possible that some branched
chain acids were present in the lipid samples.

Duplicate determinations were made whenever possible, but many of
the samples were so small that it was possible to perform only one chromato-
graphic run. Individual variations among the animals were considerable
in some cases as can be seen from the standard errors of the means given
in the tables.

a. Component fatly acids of adipose tissue lipids

The adipose tissue lipids were fractionated by thin-layer chromatography,
but only the fatty acid compositions of the triglyceride fractions were
determined. The results are presented in Table 24, The fatty acid composi-
tions of lipids from both dietary groups resemble each other in many
respects. The main component in hoth groups is oleic acid, which amounts to
nearly half of the total acids. Some differences were, however, observed.
The percentage of palmitic acid was slightly higher in the adipose tissue
Jipids of the animals that were fed soybean oil fatty acids than in those of the
animals that received tall oil fatty acids. Differences are seen in the contents
of palmitoleic, linoleic and stearic acids. The adipose tissue lipids of the
group given soybean oil fatty acids contained 11.1%9; palmitoleie aeid,
5.29%, steavie acid and 3.8% linoleie acid; the corresponding values for the
group given tall oil fatty acids were 2,19 palmitoleie acid, 2.49; stearie
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Table 24.

Ty

P

Fatty acid compositions of adipose tissuo triglyceride fractions from rats fed tall oil fatty acids and soybean oil fatty acids at
a level of 309, of dictary calories.

<Cu| Cu Cis Cie Cisa Cir Cis Cign | Ciz | Cia' | Cusa Caw | Caou 2::;:

Tall oil fatty acids(6)?] 1.1 1.4 0.3 18.9 2.1 0.3 2.4 7.4 20.7 1.0 0.6 1.5 0.0 2.2
S.E3 401|201 14005 | £16 | £06 |4007 {£02 |£20 | +43 | £0.3 | 2008 405 |+0.02 | £0.05
Soybean oil fatty !

geids (4) 1.9 1.5 0.6 23.1 11.1 0.1 5.2 44.6 5.8 _ 1.3 2.0 0.4 2.5

S.E. 4£0.3 |402 |+£0.06 | 244 | 408 |+006 |£07 |+41 |17 | = [203 |£1.0 |+03 |04

¢is-3,9,12-Octadocatrionoic acid

1
2 Number of rats.
3

Standard error of mean.
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acid and 20.7% linoleic acid. Only 19, cis-5,9,12-octadecatriencic acid
was stored in the adipose tissues of the animals that received the tall oil
fatty acids. The other fatty acids, most of which were minor components,
are of lesser importance. The adipose tissue fats of the rats appear to be
relatively unsaturated, as nearly two thirds of the fatty acids in the adipose
tissue fats of the soybean oil group and more than two thirds of the fatty
acids in the adipose tissue lipids of the tall oil fatty acid group were
unsaturated.

b. Component faity acids of plasma lipids

The plasma lipids were fractionated into sterol ester and phospholipid
fractions, which are the main fractions. Usually plasma contains small
amounts of triglycerides, often less than 109;. Triglycerides were detected
on the thin-layer chromatograms, but their amounts were too small for
gas chromatographic analysis. Only three pooled samples of phospholipids
and two pooled samples of sterol ester fractions from animals given tall
oil fatty acids and one sample of each fraction from the animals that were
given soybean fatty acids were analyzed.

The results are summarized in Table 25,

Cholesterol esters. The fatty acid composition of the cholesterol esters
varies more readily than that of the phospholipids when different dietary
fats are fed. The main component of the cholesterol ester fraction from the
animals given soybean oil fatty acids was palmitic acid, while the percentage
of stearic acid was relatively low (6.49%). Unsaturated Cyg acids amounted
to almost 409, of the total acids. The proportion of unsaturated C; acids
in the cholesterol esters of the group given tall oil futty acids was over
509, oleic acid alone representing 46.6%. Thus oleic acid was the main
component in the plasma cholesterol ester fraction, while the percentage
of oleic acid was much lower in this plasma fraction of the soybean oil
group. Arachidonic acid was found only in the sterol esters of animals that
were given tall oil fatty acids. The amount of ¢is-5,9,12-octadecatrienoic acid
was somewhat higher in the cholesterol ester fraction (0.79%) than in the
phospholipid fraction (0.39,).

Phospholipids. The phospholipids of both animal groups seem to be
very similar in fatty acid composition. This is quite natural, as the phos-
pholipid fraction is Jeast affected by dietary changes. The main component
in both groups was palmitic acid, which alone amounted to almost half
of the total acids. The percentage of unsaturated Cyg acids was less than
20 (18.59%, in the group given sovbean oil fatty acids and 18.1% in the
tall oil fatty acid group). Only small differences were noted in the ratios
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Table 25.

Fatty acid compositions of plasma lipid fractions from rats fed tall oil fatty acids and soybean oil fatty acids at & level of 309, of
dictary calorics,

<Cui Cu Cis Cye Ciet Cy: Cis | "Cign Cigz | Cua' Cias Cy Cagua (:f:::

Cholesierol ester. fraction
Tall oil fatty

acids (2)? 3.7 1.6 1.2 28.7 0.9 1.4 5.2 46.6 4.3 0.7 1.0 |- 1.9 2.2 0.6
S.E3 406 | 0.9 | +0.05 41351 +03 | £03 +1.6 | =20.1 +3.2 | +0.5 | £0.01 +1.0 | £22 01
Soybean oil fatty

acids (1) 0.8 1.6 0.4 49.5 1.5 0.1 6.4 14.0 | 23.9 - 1" 1B 0.2 0.0 0.3
S.E. 403 | £02 | £0.03} & 1.0 +02 | +01 | +04 |t 03 +1.9 — +0.2 +0.2 - 402
Phospholipid fraction
Tall oil fatty

acids (3) 2.1 0.6 0.7 43.5 0.5 1.2 27.0 10.2 7.2 0.3 0.4 0.6 4.8 0.9
S.E. +0.6 | 2005 +0.08 | 4 4.1} 0.1 +03 | 1.6 | £24 420 | £02 +0.1 +0.4 | £3.9 | 303
Soybean oil fatty )

acids (1) . . ) 1.5 1.7 0.4 49.1 1.5 0.6 24.8 6.7 11.2 - 06 | — 1.5 0.3
S.E. +0.4 | £0.1 | £006] & 1.2 +0.1 | +0.09 056 4001} £0.7 —- +0.1 - +0.5 | £0.1

1 ¢is-5,9,12-Octadecatricnoic acid.
¢ Number of samples.
3 Standard crror of mean.
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of oleic acid to linoleic acid in the dietary groups. Small amounts (0.3%,) -

of cis-5,9,12-octadecatriencic acid were found in the phospholipid fractions
of the animals that received tall oil fatty acids. A few percent arachidonic
acid were detected, whereas only traces of arachidonic acid were found in
the plasma lipids of the group given soybean oil fatty acids.

" ¢. Component falty acids of liver lipids

The liver lipids were fractionated into triglycerides, sterol esters and
phospholipids. As the sterol ester samples of the tall oil fatty acid group
were too small, the gas chromatograms did not give the true proportions
of different fatty acids and thus only data for the triglyceride and phos-
pholipid fractions are given. The chromatograms of the liver fatty acid
esters were run on the capillary colunm.

The results are presented in Tablc 26.

Triglycerides. The major components of the liver triglycerides from
animals fed soybean oil fatty acids were palmitic, oleic and linoleic acids,
which each amounted to more than onc fourth of the total acids. Small
amounts of myristic, pentadecanoic, palmitcleic, stearic and C,, acids
were present. The proportions of palmitie, oleic and linoleic acids in the
liver triglycerides of the animals given tall oil fatty acids were a few per-
cent lower. The content of stearic acid was only 3.3%, in the soyhean oil
fatty acid group, but 13.89, in the group given tall oil fatty acids. The
contents of other fatty acids were of the same order in both dietary groups
except that the content of arachidonic acid was 3.8%, in the group given
tall oil fatty acids and 0.29, in the soybean oil fatty acid group. Over 29/
cis-5,9,12-octadecatrienoic acid was found in the liver triglycerides of the
animals given tall oil fatty acids.

Phospholipids. The fatty acid composition of the liver phospholipids
is very similar in both dietary groups. The phospholipid fraction of the
liver differs from that of plasma in the percentages of palmitic, stearic
and arachidonic acids. The contents of oleic and linoleic acid are very

similar to their contents in the plasma phospholipids. Palmitic acid forms

more than one fourth of the total acids and stearic acid is the main component
of hoth dictary groups, amounting to more than 40%, of the total acids.
The content of arachidonic acid was on average 8% in the liver phos-
pholipids of both groups, but the variations in arachidonic acid content
among the individual animals were great. Linolenic acid was detected
only in traces or not at all, and 0.4%, cis-5,9,12-octadecatrienoic acid was
found in the phospholipids of the animals given tall oil fatty acids.
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Fatty acid compositions of liver lipid fractions from rats fed tall oil fatty acids
and soybean oil fatty acids at a level of 309, of dictary calories.

<Cy Cu Cis Cie Ciga Cie Ciat Cisz | Craa Cis:s Ca Caoie 2:,::;‘:
Triglyceride fraction
Tall oil fatty
acids (8)? 2.1 0.8 0.6 23.4 1.4 13.8 19.3 27.4 21 0.3 1.0 3.8 3.5
SE3 ‘ +0.4 | 40.08] 0.1 +0.8 | 0.3 =18 | £1.6 | £03 | 20.07} +0.09] +0.1 | £0.7 | 0.0
Soybean oil fatty
acids (8) 1.5 1.2 2.4 30.8 1.2 33 25.9 29.2 - 0.8 1.5 0.2 1.9
S.E. +04 | £01 | 07 | £24 | 401 406 | 1.0 | 3.1 - +02 | +0.2 | 1£0.09] 1.0.2
Phospholipid fraction
-Tall oil fatty :
acids (9) 2.3 0.2 0.5 26.5 0.3 40.8 9.7 3.2 0.4 0.0 0.1 8.0 18
S.E. +£05 | £0.02} £006; 412 | 004 +1L1 | £06 | -£08 ! +005| — +0.03 | +22 1 402
Soyboan oil fatty
acids (6) , 2.9 0.3 0.9 25.4 0.3 42.6 6.5 109 - 0.2 0.8 7.6 0.9
S.1. ) 1.0} 2004 104 | +1.7 | +0.04 433 | £02 1 417 — +0.07)-+£01 | +45 | +0.1

[ T I o

¢3-5,9,12.0ctadecatrienoic acid.,

Number of rats.
Standard crror of mean.
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Table 27.
Fatty acid composition of fecal lipids from rats fed glyceryl esters of tall oil fatty acids at a lovel of 309 of dictary calories.
i Other
<Cu Cu f Cis Cie Cyea Cur Ciq Cisn | Ciez | Cu? | Ciss Car Coona acids
|

1.3 0.7 2.8 25.3 1.7 | 162

i 8.3 2.6 1.0 | 147}
%01 | £0.1 ;| £01 | £1.0 | +08 | £0.3

£03 | 404 | £0.4 |08 ]

Mcan percentage ! 1.1 06! 08 4
S.E: | 202 ] +£01 ; 30.08; +0.

1 ¢is-5,9,12-Octadecatrienoic acid
2 Standard crror of mean.
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d. Component falty acids of fecal lipids

The fecal lipids of a group of adult male rats given 30%, of total calories
as glyceryl esters of tall oil fatty acids were analyzed for fatty acid composi-
tion. Random fecal samples were collected from 10 rats during a three-
week period and stored under nitrogen uutil analyzed. The total fatty acid
compositions were determined without fractionating the lipids into classes.

The results arve presented in Table 27.

The contents of saturated acids were relatively low, about 10%,. The
predominant acids were oleic and linoleic acids; both were found in an
amount of 20, or more. The most striking feature in the composition
of the fecal fatty acids was the high content of ¢is-5,9,12-octadecatriencic
acid, about 16%, of the total fatty acids. This is markedly more than was
detected in any of the examined organ lipids from the rats fed tall oil fatty
acids. All other component fatty acids were present in quantities less than
109%. Several unidentified acids, which were probably formed by the action
of intestinal flora, were included in the group of »other fatty acids».

V. DISCUSSION

The possibility of using refined tall oil fatty acid derivatives as edible
oils and fats has been mentioned earlier by several investigators’* 3434
Antila and coworkers investigated the effects of ethyl esters of tall oil fatty
acids mixed with fodder for milch cows and poultey. They found that the
jodine value of milk fat increased when tall oil fatty acid ethyl esters were
given, whereas the fat content and iodine value of egg yolk remained un-
changed. Seppéinen et al'® investigated the effect of tall oil fatty acid
glycerides on the growth of rats and found that at least small amounts of
hydrogenated glycerides could be used in the diets of experimental animals
without endangering their health.

In the present study the effects of tall oil fatty acids and their ethyl
and glyceryl esters on the growth rate, reproduction and longevity of rats
were investigated. Different derivatives of tall oil fatty acids were given
in the diets usually at a level of either 30% or 609, of dietary calories in
both short-term and long-term experiments. Growth was almost normal
in several experiments with the lower fat level, but the growth of many
of the experimental groups on the higher fat level was retarded or the
weights dropped below the initial level. This was very marked especially
when diets containing less refined tall oil derivatives were given. On the
other hand, the animals in the control groups on diets which contained
609, of total calories as soybean oil or butter grew almost as well as the
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control groups given diets containing these fats at a level of 309, of total
calories.

The amount of fat normally used in commercial rat diets is relatively
low, only 4—5 wt9%, but much higher percentages have been used in
experimental diets. As shown by the results of the first growth experiment
where tall oil fatty acids and soybean oil were compared, the optimum fat
level for the rat seems to be nearer 30 cal%, (13 wt9%) than 15 cal%, (6
wt%). The rat is able to digest comparatively large amounts of fat, as
found in the experiments where the tall oil fatty. acid glyceride margarine
was given at a level of 609, of the dietary calories and 969, was absorbed.

_The degree of refinement of the tall oil fatty acid esters had a marked
influence on the growth rate of the animals. In general, the more refined
products resulted in more rapid growth. All the animals that were given
the higher level of the tall oil fatty acids died within a few days. On the
other hand, tall oil fatty acid glycerides refined by the usual methods
employed in the manufacture of edible oils supported growth even at the
higher level, and growth at the lower level was almost comparable with
that of the control groups. Hydrogenation of the tall oil fatty acid glycer-
ides seemed to improve the growth-promoting cffect, and this effecct was
further increased when the hydrogenated tall oil fatty acid glycerides
were interesterified with hydrogenated soybean oil to form a margarine-
type fat.

LElevated temperatures used in sulphate pulping and the distillation
of tall oil certainly cause polymerization of the fatty acids in tall oil with
the simultaneous formation of toxic substances. Data of Crampton et al.}?®
Johnsen et al.,”* and Kaunitz ' show that even small amounts of thermally
polymerized fats given to rats seem to depress the growth of the animals
and cause diarthea and skin disorders. When higher concentrations of the
polymeric fractions of fats were fed to animals, these all died within a few
days.’? Fspecially cyclic monomers which are easily formed during the
polymerization of linolenate appear to be more toxic than the polymers, 1%
The results of the present experiments, in which it was found that tall
oil fatty acid distillate and ethyl esters of distilled tall oil fatty acids strongly
depressed the growth of rats and caused other symptoms similar to those
mentioned above, suggest that these less refined tall oil products contained
polymerized fatty acids. '

The formation of cyclic monomers is possibly the explanation for the
toxicity of cis-5,9,12-octadecatriencic acid, an isomer of linolenic acid,
and the lethal effect of the fraction 4 that did not form wea adduets when
these were given to rats. In contrast, pine seed oil, which was not thermally
degraded, promoted normal growth although it contained morc than 209
of the same acid.
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The possible presence in tall oil fatty acid products of a chlorinated
hydrocarbon as a toxic factor of the »chick edema factor» type was also
suspected, since it has been found in distilled tristearin 1 and oleic acid!®
and has been stated to cause edema symptoms also in rats.’® Firestone
ef a3 succeeded in isolating the »chick edema factor» from tall oil. Final
conclusions about the role of the »chick edema factor» in the retardation
of growth cannot, however, be drawn on the basis of the present investiga-
tions.

TFood consumption, which was also recorded in most of the growth
experiments, was usually in close agreement with the growth data. As
the food was given ad libitum, it may be assumed that the palatability,
among otlier things, affected the fuod consumption. Particularly the rats
that were given ethyl and glveeryl esters of the tall oil fatty acids consumed
evy little food, and this was reflected in the growth rates of the animals.
The food consumption might be a better basis than the growth rate for the
evaluation of the different tall oil derivatives as food components, but
usually the growth rate gives a clearer picture of the course of a feeding
experiment.

The reproduction cxperiments which were carried out with animals
of the first generation that were fed tall oil fatty acid glyceride margarine
resulted in normal litters. The offspring of the animals of the second genera-
tion suffered from serious disturbances in the skin and skeletal muscles
and died or were eaten up by the mothers within two weeks, The symptoms
resembled those of muscular dystrophy. The cause of these disturbances
was concluded to be connected with the oxidation of the tall oil fatty acid
glyeeride margarine and the partial decomposition of certain B vitamins by
the oxidation products. This conclusion received support from the favorable
effect of the addition of biotin, folic acid, calcium pantothenate and pyri-
doxine to the diet. An antagonistic effect of codliver oil on vitamin I
was not demonstrated, as clevated vitamin E levels did not improve
reproduction in the experimental and control animals.

The female rats that were fed on diets containing tall oil fatty acid glycer-
ide margarine had longer life spans than the control animals, and the male
rats were nearly as long-lived as the animals fed on diets containing ordinary
margarine. Longevity is often connected with restricted feeding and low
body weight, and this seemed to be true in the case of the male rats that
received tall oil fatty acid glyceride margarine. However, the female rats
gained as much weight on average and had longer life spans than the
control animals. '

As to the use of tall oil fatty acids for dietary purposes, it seems obvious
that the main problem to be solved is the efficiency of the refining process.
Refining and hydrogenation seem to improve the product i general,
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and the hydrogenated product may be more suilable as a raw material
for food fat for human consumption. For the present, the manufacturing
process cannot be changed very wuch, but if the impurities can be removed,
tall oil fatty acids no doubt will be a valuable source of edible fats.

The composition of dietary fats is reflected in the compesition of tissue
lipids, but the actual replacement depends on a number of factors and
varies considerably from one tissuc to another and from one lipid class
to another.

The content of palmitic acid in the adipose tissues of rats fed on a low
fat or an almost fat-free diet is about 309, but when more unsaturated
oils are fed, the percentage of palmitic acid is often substantially lower.138
This was also observed in the present investigation, for 23.19, palmitic
acid was found in the adipose tissue lipids when soybean oil fatty acids
were given, but somewhat less, 19%, when {all oil fatty acids were given.
The fatly acid that predominated in the depot fats of hoth dictary groups
was oleic acid; its content was 43% In the soybean oil fatty acid group
and 479 in the tall oil fatty acid group. 'This is in agreement with the results
of Beare and Kates, ' but not with those of Tove and Smith, whoe found
that when the dict of mice eontained 159, oleic acid, the level of oleic acid
in the depot fat was 679%,. The soybean oil fatty acid mixture contained
about 209, and the tall oil fatty acid distillate 35% oleic acid, which is
more than twice the level in the fats given by Tove and Smith. The content
of linoleic acid in the adipose tissues of the group given tall oil fatty acids
was almost four times higher (20.79) than the content in the adipose
tissues of the soybean oil fatiy acid group (5.29%), which is not in agree-
ment with the higher content of linoleic acid in soybean oil. On the other
hand, the amount of palmitoleic acid was about 119, in the adiposc tissues
of the soyhean oil fatty acid group and only about 29, in the adipose
tissues of the tall oil fatty acid group. One percent ¢is-5,9,12-octadecatric-
noic acid was detected in the adipose tissues of animals fed tall oil falty
acids. The other components were usually present ouly in minor quantities.

The fatty acid compositions of plasma and liver triglycerides resemble
the fatty acid composition of the adipose tissue triglycerides, but the
cholesterol esters and phospholipids  differ  significantly in fatty acid
composition.*® ! ¥ The plasma triglycerides, which are present only
in small amounts in the blood of fasting animals, were not analyzed in the
present study, but the liver triglycerides were analyzed.

The results for the liver triglycerides agree well with the fatty acid
composition of liver triglycerides of rats given a cottonseed oil diet reported
by Okey et «l2® Only the content of linoleic acid was considerably higher
in the livers of the latter group (about 409) than in the livers of the rats
fed tall oil fatty acids and sovhean oil fatty acids (25—309,). The content
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of linoleic acid is of the same order in cottonsecd oil and soybean oil and
hence the dietary sources of these acids were almost equivalent, although
some deterioration of the linoleic acid may have occurred during the storage
of the esterified fatty acid samples. The major difference between the two
dietary groups was found in the percentage of stearic acid, which was
almost five times greater in the liver lipids of the tall oil fatty acid group
than in the liver lipids of the group given soybean oil fatty acids. Slightly
more cis-5,9,12-octadecatriencic acid was present in the liver triglycerides
than in the adipose tissue triglycerides of the former group.

The cholesterol esters of liver lipids usually resemble the liver triglycerides
in fatty acid composition,"'” whereas plasma cholesterol esters contain
higher amounts of polyunsaturated fatty acids. Swell ef .1 and Monsen
et al.® reported very high percentages of arachidonic acid in the cholesterol
ester fraction of rat plasma when ordinary laboratory chow or a diet
containing safflower oil was given to the animals. This is not in agreement
with the results of the present study, for palmitic and oleic were found
to be the main component fatty acids. Only minute amounts of arachidonic
acid were detected in the plasmas of the two groups. This was possibly
due to the oxidation of the arachidonic acid during the long time the
esters were stored before they were analyzed in the gas chromatograph
although they were stored at —20°C under nitrogen, The average content
of ¢is-5,9,12-octadecatrienoic acid in the cholesterol ester fraction of the
plasma was 0.7%.

The phospholipids of plasma and liver appear to have low contents
of monoethenoid acids, mainly oleic acid, and high contents of stearvic
and arachidonic acids.™® The liver phospholipids had much higher contents
of stearic acid than the plasma phospholipids, whereas the percentage
of palmitic acid was much. higher in the plasma phospholipids than in
liver phospholipids. The content of arachidonic acid (89%) in liver phos-
pholipids differs clewrly from the percentages (33—409) given by Okey
et a1, and the difference is even greater in the case of plasma phospho-
lipids. The reason is most probably the oxidation of the avachidonic acid
in the samples stored before the gas chromatographic runs, but may also
be that the liver lipids were analyzed using a capillary column and the
plasma lipids in a packed column which may have affected the results.
The fatty acid eompositions of the plasma and liver phospholipids in the
groups given tall oil fatty acids and sovbean oil fatty acids differed only
slightly. The content of ¢is-5,9,12-octadectrienoic acid was less than 0.5%,
in both the plasma and liver phospholipids, and thus nearly equal to the
content of linolenic acid in the two phospholipid fractions.

Two peaks appeared where the peak of oleic acid was expected in the
chromatograms of methyvl esters of the fatty acids of the phospholipid
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fractions from rats fed soybean oil fatty acids. These may have been due to
the separation of the cis and trans forms of octadecaenoic acid, as these iso-
mers are separated when a »BDS»capillary column is used for separation®'*!
This was, however, the only fraction in which the isomeric forms were
distinctly separated, although all the liver lipid fractions were separated
on the same column.

cis-5,9,12-Octadecatrienoic acid, which was detected in all tissue lipid
fractions from the animals given tall oil fatty acids, accumulated in adipose
tissue, hut only to a relatively small extent. It was present in an amount
of 2%, in the triglyceride fraction of the liver lipids. The positions of the
double bonds in the acid (Cies n-6,9,18) indicate that it resembles the
members of the linoleic acid family (T, n-6,9) with the first double bond
between the 6th and 7th carbon atoms from the terminal methyl] group,
but beeause of the abnormal location of the third double bond from the
methyl group; it seems hardly possible that it could be metabolized according
to the linoleic acid pathway. It is more likely that cis-5,9,12-octadecatrienoie
acid is metabolized further along the pathway of fatty acids with even
carbon chains although this was not confirmed in the present investigation.
Only minute amounts of this acid were detected in the blood lipids and
liver phospholipids, but the large amount (169,) detected in the fecal fat
indicates that a considerable amount was not absorbed within the organism.

'The present results indicate that the dietary fats have a marked influence
on the depot fats and on the triglyceride fraction of Jiver lipids. Feeding
of fatly acids instead of glycerides may have affected the fatty acid composi-
tion of the tissue lipids, but the changes were presumably relatively small,
as indicated by the experiments of Perkins ef al.®*** in which corn oil and
corn oil fatty acids were given to rats and only minor differences were
ohserved in the fatty acid compositions of the carcass fats.
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'Pharmaceutical-Grade Sterols from Tall Od"

CHARLES S. STEINER and EARLE FRITZ, Swift and Company, Chicago, Illinois

VRING RECENT YEARS there has been an inereasing

emphasis on medieal research in the ficld of ar-

-terioselerosis, popularly known as hardening of
the artevies, and related disorders.  Atherosclerosis,
one form of arteriosclerosis, is characterized by the
deposition of fatty matter on the inner walls of arter-
ies. Atheroselerosis is the major factor in coronary
artery disease and cerebrovaseular aeeidents, popu-
larly known as strokes. - Although many theories have
been advanced, the mechanisin of the deposition of
this fatty matter is still conjecture.

It is generally agreed among the medieal profession
that cholesterol, the predominant sterol found in ani-
mals, plays an importanl part sinee cholesterol is a
major component of atherosclerotic deposits,  Bvi-
dences have been produced which show that persons
with atherosclerosis and related diseases may have a
higher blood sermm cholesterol content, known as
hypercholesteremia, thim those persons apparently
free of artery disease (1), A reduction in cholesterol
serim levels for hypereholesteremia patients appears
desirable. Ilowever cholesterol is a very neecessary
ingredient for proper hodily functions. The body re-
ceives ity cholesterol from two sourees, Cholesterol is
svithesized by the body and is absorbed from food
sources found in a well-balanced diet. A lowering of
serunt cholosterol level somietinies can be attalhned by
strict diet. Dieting is undesirable for the required
type of diet is monotoneus and unpalatable by Aneri-
can standards, '

An oral intake of sitbsterols, sterols found in vege-
table and fruit sources, can be effective in reducing
the level of sermu cholesterol in patients with high
cholesterol levels (23, The mechanism that causes this
reduetion is not known. Oune theory uses as an explana-
tion that sitosterols interfere with absorption of choles-
terol, possibly by the formation in the intestinal tract
of a mixed erystal of sitosterol and eholesterol whose
solubility is considerably less than that of cholesterol

“alone (3, 4. Other theories of the wechanism have

This paper won first place in the 1958-39 Tall Gil Award of the
“Tall Oil Division of the Pulp Chemieals Associntion.
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been advanced. Figure 1 shows the chemical similar-
ity of cholesterol, betasitosterol, and dihydrositosterol.

A commereial preparation of sitosterols for oral
intake has been introduced. This preparation is a
209 suspension of betasitosterol and  dihydrositos
terol. The introduction of this therapeutic agent to
lower serum cholesterol levels beeatite possible when
commercial quantities of suitable sitosterols made
from tall oil were offered by Swift and Company.
Jetasitosterol, which seems to be the desirved sterul
for this application, is found widely distributed in
vegetable sources. Particularly good sonrees for beta-
sitosterel are tall oil and cottonseed oil. The compo-
sition of the sterols in these oils is 8096 to 8356 heta-
sitosterol, 135 to 209 dihydrositosterol, and winor
amounts of other sterols,
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sterols are concontritted in the fools in the atkali
vofining of vegetable oils. They are {urther concen-
trated upon distillation of acidified foots, St bot-
toms Trom the distillation of cottonseed foots contain
T% o 105 total sterols. The sterol content varies
quite widely depending upon the souree, the refing,
and distillation of the foots.

T;\u, ouL PITUH, resulting {from the digtillation of
(_'rlul.c--tu'ﬂ' oil, offers the’ pichest source of beta-
gitosterols.  Production of erude tall oil had veached
350,000,000 1bs. in 1953 () and procuetion has in-
ereased continually. Of the erude tall oil produced
and distilied in the Tnited States. 13% to 2550 re-
sults in piteh. Tall oil piteh is an inexpensive com-
modity and, in general, is in oversupply.

14 may he conservatively estimated that the poten-
tial demand for sterols as a the apentic agent for
alherosclor()s‘is‘ could reach volumes requiring well
over H0.000,000 hs. of tall oil piteh per yeat. This
assumes widespread acceptance hy the medical pro-
fession and subsequent consumiption by geveral mil-
lon Americans who could derive some benefit from
its use.

W PABLE I

Pypical Tall 0il Piteh Analysi

Colar..
Acid number..
Rapenification nuwmber,
Tadine nmnher..
Rosin arids,
Fatly arids.
Unsaponitiable matte
AR

N fh'nh_wp‘ulmi e

A typieal aunalysis of tall oil piteh is shown in
Table T. The composition of tall oil will vary con-
siderably auong producers. Since the primary con-
vern was Tor the sterol content of tall oil piteh from
diffevent suppliers, samples from & qnumber of sup-
pliers were analyzed for unsaponifiable matter and
total sterol content with rosults as showu in Table H.
SatisTactory sterols could he made from cach of the
several sourees listed, but yields drop with lower
initial sterol content.

e e e

TABLE 1T
Unsaponifiable Matter andl Total Sterol Content of
. Tall Oil Pitehes

e T SR fresies

Unsaponifi- Tota)
ahle madter sterols

Source

320
26.0
irii

e |

The literature reveals a mmber of methods for the
Cenvery of sterols (6. 708, M. BEssendially these
Sroeesses Fesort to saponifieation ol the sterol souree
Db extraction of the nisa ponifiable matter with a
nitable solvent. The unsaponifiable watter i recov-
vedd i dissolved inanother colvent and erystallized
Hierefrom, Usttlly one ornore pecrystitlizations are
apepssitey to produee a retatively pure prodoet, Hiek-
wan {1 resorted to motectlar distitlation for puri-
feation, Generally the provesses diselosed were Found
10 be inadeguate. SRterols produeed by the forcegoing
mothods do ot meet {he specifications. Table tHL par-
tieatlarly on volor and taste for phzn‘umr\'mivul—;:'r:ulu

storols,

STEINER ET Al ]’u,mn.\cmTuu\L-GnADE §rrroLs FrOM TALL O1L

S
(1]
[#]

TABLE 11

Pharmaceutical-Grade Tull Oil Sterol -
Specifications

Chloroform-insaluble
| £ PRSP T
Colar (opl. den. @

Melting point.....
Kpecific rotation.
Moisture and volatil

..0.1%, max,
.10 ppm. max.
). 160 max,

4 to 140°C,
—25 to —38°C.
246 max.

Asho, 17,6 max.
Tieavy 20 ppm, max,
Sodium., 0,1% max
Methano 0 ppm

Total ste .
Unsaturnted sterols

5% min.,

5% min.
Binnd

.1-in. diam. max.

;-lf)' digitonin assay.
e

After an intensive laboratory and pilot-plant in-
vestigation, processing facilities to produce eomnter-
cial quantities of pharmacemica]ly{)ﬂre sterols were
installed at Swift and Company 's Technical Produets
Plant at 1Tammond, Ind. Figure 2 shows & flow dia-
gram of this process (1.

[ S

e e i

DISTILLATION
coLuwn

ar), O, _ACH
70 SICRAGE

1. 2. Flow dingrany. Phartmaceutical grade sterols from
tall oil piteh.

The firsl step in the process, that of fractionation
off oxtraction using liguid propane (Solexol proeess)
(12), rvesulls in a light-colored (ME FAC Tiuid
overhend fraction. This overhead fraction contains
926k to 2% total sterols plus higher aleohols, fatty
and rosin avids, and esters of fatty acids. The bot-
foms fraction has a ring and batlsoftening point at
115° 10, and consists principally of the oxidized poly-
merized components of the tall oil piteh. 1t has been
found 1o have advantages for use in the same groneril
arcas that 1adl oil piteh has found applivation,

To aceomplish the above fraciionation the tall oil
piteh is fed to ithe Solexol tower at a ratio of 201,
colvent to piteh, at a tower femperiiure ol IS0 |2
and a pressure of 680 peir. The frictionation resabs
in approximately 504 euch of overheid and bottoms,
The composition of the tall oil feed stoek nuay necessi-
tate changes in operating vomditions,

The removal of the onidized and polyinerized eo-
ponents from tall ait pitell s neeessary for the pro-
duetion of p\lill‘lll;h‘l'llli«‘.’l‘l_\'<|lll|'«' sterols, The omis
sjon o the prapane fraetiomtion resaits o prodaet
cottaining unknown muredients which fmpetrt ondes
cirable eolor and taste to the tinal sterol prodaet In
addditionn, these unknown feredionts inhibit proper
erystal formation and wrowth, This results e hplre
sterols and lowers the rate ol production.

The sterol content of the overhead Draction cap he
further inereased 1o 305 1o A0 by a conyentional
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Frg. 3. Sterols resulling from proper erystallization technique,
R{LITRV

wet-refining procedure. This step, thongh desirable,
is not essential,

Approxinmately half of the sterols in the overhead
fraction nre esterified with fatty acids, The next step
is the saponification of the overhead fraction with
1009 exeess over theoretical caustic soda in methanol.
Two volumes of 959 methanol are used for each vol-
ume of piteh u\ulmul. Saponification oceurs in 3
hes, at gentle refluxing conditions. ot water (160°
B is slowly sprayed onto the surface of the bateh
until the volwe is inerveased by 209%, Gentle reflux-
ing is continued for another 2 hrs. The mixture is
then cooled in 2 hrs, from 160°F, to 135°1. Gentle
agitation is used throughout the saponification and
chilling eyeles. Care must be exercised to avoid sad-
den *“shoe kinﬂ"’ of the bateh either with cold reflux
or with 209 water addition. If this eare is not exer-
cised, some of the soft and gummy unsaponifiable
matter other than sterols precipitates. In addition,
undesirable  small  erystals will result, The  soft
gummy material and the small crystals ecanuse poor
or II(""ll"II)lP centrifuging and \\zmhm" rates.

After chilling, the sterols are separated by using a
perforated basket-type of centrifuge. When sufficient
cake hias been deposited, hot (TH0°F.) 93¢ wmethanol
is sprayed into the cake and is continued until the
effluent is colovless, Following the methanol wash,
the cake is sprayved with hot wuter (180°F,) until {he
pH of the eftluent is neutral.  About IU() gals. of
methunol and 100 gals. of water are requirved to wash
100 Ths, of sterols.

ONSIDERABLE experience and skill are required in
the sequence of operations from the saponifiea-
tion to the final water-washing steps. With  poor
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praetive, precipitation of ginmmy material and sl
ervstal formation result, and the resultant storols ar.
inadequate with regard to taste and eslor. The up
grading of a bad bateh of sterols necessitates dissab
ing and reerystallizing inoa solvent in owhich (.
sterals have an appreciably higher solubility than |
methanoel Figures 3 and 4 show the differenee
appearanee of sterol erystals that vesult from progs.
and improper «1\\1.:ll|/.mm| technigues,

Mter adequate washing the wet sterols arve
letized by using a modificd meat grinder, placed
trays, and deied ot 20071 The dried stérols aee
packaged i fiber demnms with a polyethylene inne -
lning, .

The efiluents from the ecentrifuge, through and i
cluding the methanol wash, are combined and then
acidified. The methanol is recovered in a distillation
colummn designed to produce 95% methanol overhead
fraction. The still bottoms, excluding the water, has
approximately T-129 sterols, 25-30% other unsa-
ponifiable wmatter, and 58-G852 fatty and rosin acids,
and a color of 37 IFAC. Since these tall oil acids,
containing a high perecentage of unsaponifiable mai-
ter, are essentially free of oxidized and polymerized
components, they may be distilled or used as a replace-
ment for low-gride fatty aeids.

The conmmercial plant was designed to prodoee
1,000 1bs. of sterols per day, requiring 11,000 1bs. of
tall oil piteh per day, By-preducts amount to 5,500
Ihs. per day of Solexol bottams and 4,500 Ihs. per day
of tall oil acids with high unsaponifinble matter,
Figure 5 shows a material balance of the. process,
Since the Solexol unit has a capacity considerably
larger than required for the sterol plant, the Solexol
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Fiu. 4. Sterols resulting from uupropcr erystallization tecl-
nique. 200 X,
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unit it one day ean produce a weel’s supply of feed
maierial for the stevol plant.

TALL O PITCH
1,000 LBS.
(1650188, STEROLS)

SOLEXOL
FRACTIONATION

, .sorfoms OVERNEAD
o7 8500 LS. 5300 L8S.
(275 L8S. STEROLS) {1375 LBS. STEROLS}

CRYSTALLIZATION

STEROLS 4y PRODUCT
900 LB3. TALL Ol ACIDS

4300 LBS.

(3731BS, STEROLS)

Fi6. 5. Materinl balance.

With few exeeptions all processing equipment is
stainless steel. The acidulating tank is Monel, and
the acid and caustic storage tanks are bliek iron,
Every precaution is taken to remove divt from ihe
Solexol overhead fraection, methanol, caustie, and
water used to ehitrge the saponification reactor. Rach
of the charge lines for the above four streams is
equipped with a filter, Once the overhead fraction
and methanol come into contiaet, some of the sterols
drop out of solution. Removal of dirt from this stagre
on beeomes diffieult. Ilowever maenctic particles are
removed by a magnetic separator installed in the
slarey line feeding the centrifuge,

The process deseribed above uses a low cost by-
produet of the tall oil industry and has up-graded
its value considerably. Krom tall oil piteh, pharma-
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cewlical-grade sterols have been made. Thus a new
commeveial product has been added to the long list
of produets of the tall oil industry, Other large uses
for tall oil sterols may develop, resulting in an in-
ereased demand for tall oil piteh. Considerable re-
search is being conducted in steroid chemistry, such
as cortisone, sex hormones, and many related com-
pounds. The starting material for another medical
triumph could be tall oil sterols.

Summary

A process has been developed for producing phar-
maceutically-pure sterols from tall oil pitéh. The
process consists of the propane fractionation of the
piteh, saponification of the overhead fraction in moth.
anol, fractional crystallization, centrifuging, washing,
and drying. A plant to produce 1,000 Ibs. of sterols
per day was brought into operation.
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ECENT studies by Sielder and
Schweigert (1953), Yacowitz (1953),

* Sunde (19542), and Runnels (1955)

indicated that the use of animal fats in
poultry rations improved the utilization
of the feed for broilers. Sunde (1954b)
and Carver ef al. (1954) reported that a
hydrogenated fat or stearic acid would
not improve feed utilization, but that all
other fats tested would improve the
utilization of the feed fed to young chicks,
Both workers reported that the saturated
fats were not absorbed by the digestive
tract, and therefore offered very little
nutritionally.

Biely and March (1954) reported that
in both chick and poult rations the addi-
tion of fat may be advantageous when
relatively high levels of protein are fed.
Siedler ef al. (1955) reported that 3 or 6
percent fat or 3 percent free fatty acids did
not decrease the rate of gain and were
utilized efficiently.

EXPERIMENTAL PROCEDURE

Day-old chicks of both sexes, the prog-
eny of New Hampshire males and Single
Comb White Leghorn females, were used
except in experiments 6, 10 and 11. In
experiment 6, New Hampshire chicks ob-

tained from a commercial hatchery were -

used. In experiment 10, cross bred male
chicks of the above cross were used. They

Published with the approval of the Director of
the Wisconsin Agricultural Experiment Station,
College of Agriculture, Madison, Wisconsin.

The author is indebted to the Darling Manu-
facturing Co., Chicago, Iilinois for the yellow grease,
brown grease, prime tallow, and the No. 1 tallow
used in this study.

were 31 days old when placed on experi-
ment. In experiment 11, White Plymouth
Rock chicks obtained from a commercial
hatchery were used. Twenty-five chicks
were used per group except where indj-
cated. In experiments 6 and 11, twent:
chicks were used per group. In experi-
ments 7 and 8, the groups fed the lino.
lenic, linoleic and butyric acid contained
only 13 or 15 chicks because of the cost o
these materials. All experiments were con-
ducted in standard type electric batteries
with raised wire floors. In experiments
to 11 all the birds had access to both types
of feed in each battery at all times. When
duplicate groups were set up, the diets
were alternated on each side of the bui-
tery. This would eliminate the light factor,
and also the bird’s desire to be near or
away from the most activity. One feeder
contained the added fat, and the other
the feed with no added fat. The deck im.
mediately below that one had the two
types of feed reversed. Once during the
experimental period the feeders were
switched to see how long it took the birds
to adjust to the new conditions. The basal
diets fed in all experiments are shown in
Table 1. Additions were made in such a
way as to keep the protein level constant.
This was done by decreasing the corn and
increasing the soybean oil meal.

Tenox II* was added at the level of .03
percent to all the fats and fatty acids used
except the stearic acid and the hydro-
genated fats. The time required for feed

-

* This mixture contains 20 percent butylated
hydroxyanisole, 6 percent propyl gallate, 4 percent
citric acid, and 70 percent propylene glycol.
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i
1
£ 1 ~—Basdl diels

A B
(gms./kg.)

Ground yellow corn ¢ 450 555
Savbean oil meal (solvent) 300 350
Wheat bran 50
Wheat middlings 50
Alfalfa meal 50 30
Steamed bone meal 30
Ground limestone — 12.5
Di-calcium phosphate — 17.5
Vitamin D (1,500 D/gm.) — .5
Granite grit 10
Chick size oystershell 20
lodized salt 5 2.5
Feeding oil (300 D-1,500A) 2
Fish solubles 30 30
Vitamin B2 and antibiotic

feed supplement® i 1
pL-Methionine 0.5 0.5
MnS0, IO 0.22 .25
(‘a. pantothenate mgs./kg. 5 22
Niacin mgs./kg. 10 35
Ribotlavin mgs./kg. 3.2 7

To Dict B were added the following vitamins in
mg. per Ky, of ration: thiamine HCI 4, pyridoxine
HCL 7, d biotin .2, menadione .8, i-inositol 1,000,
para-amino-henzoic acid 100, alpha tocopherol ace-
tate 5, and folic acid 2.

* Fach pound equivalent to the activity of not
less than 3 milligrams of vitamin By (L. L. elution
assay) and 2 grams procaine peniciltin.

passage was determined by feeding 500
milligrams of carmine in a zero size
capsule and determining the time required
for the red dye to be voided. The chicks
were four weeks old when this test was
performed. Ten birds from each group
were used for each measurement.

The crude tall oil} material contains
about 41-32 percent rosin acids and 46-52
percent fatty acids. It is a product ob-
tained from woodpulp manufacturing
especially of pine. About 180-300 pounds
of this material are produced per ton of
woodpulp. The tall oil is a distilled prod-
net obtained from the crude tall oil. It
contains about 61-71 percent fatly acids
ind 23 30 percent rosin acids. The fatty
acid fraction contains about 45 percent
oleie acid, 48 percent dinoleic acid, and 6-7

i

i
+
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TABLE 2.--The effect of differeni grades of fat on
growlh and feed conversion
Experiment 1

Gm. feed

Add sl A e T e e
dditions to wis. N . passige
(gms.) (;V“F'k:" (minutes)
None 292 2.02 140 132
None 188 2.11
5% White grease 324 1.79
505 Yellow grease 313 1.95
3%, Brown greasc 298 1.93
57 Prime tallow 32 1.97 126 144
2.5Y; Prime tallow 300 1.96
r "No. 1 tallow 322 1.93
5% Commercially stabil~
ized fat® 293 1.94
5°% Hydrogenated {atf 289 2.03

* Sta-fat- - Darling Manufacturing €o., Chicago, Ilinois.
t Hydropoid —Bowman Feed Products, Inc, Holland,
Michigan.

percent palmitic acid. The rosin acid frac-
tion was concentrated from the crude tall
oil by removing as much as possible of the
tall oil. The crystalline materials contain
about 90 percent rosin acids. The rosin
acid fraction is composed of about 3040
percent abietic acid and 10-20 percent
neoabietic acid. Other rosin acids are
also present in smaller amounts.

The feces samples were collected on the
second and forth week as indicated in the
tables. The samples were weighed and the
fat and free fatty acid analyses conducted
according to the method of Saxon as
described by Hawk, Oser and Summerson
(1947).

RESULTS AND DISCUSSION

The results of the first experiment are
shown in Table 2. The addition of five
percent choice white grease, yellow grease,
brown grease, prime tallow, No. 1 tallow,
a commerically stabilized fat or hydro-
genated fat} did not decrease the growth
rate. In most instances an increase in the
rate of growth was observed. All the
supplements to the basal diet except the
hydrogenated fat improved the feed utili-
zation (gms. feed/gm. weight). These

| Ligrro produced by the West Virginia Pulp and
Faper Company, Charleston; South Carolina,

1 Hydropoid-Bowman  Feed
Holland, Michigan.

Products, Inc.,

oo
s

TABLE 3.—The effect of different grades of fut on
growth and feed conversion

Experiment 2

4wk, Gx_ni. fccq_

Additions to basal A wi, GmN:v_l -
(gms.) (4 wk.)

None 305 2.04
None 313 2.08
5% White grease 297 1.90
5% Yellow grease 302 1.96
5% Brown grease 294 2.02
5% Prime tallow 289 2,07
5% No. 1 tallow 297 1.91
59% Commercially stabilized

fat* 311 1.89
5* Hydrogenated fatt 311 2.05
2.5% Hydrogenated fatt 308 2.18

* Sta-fat—Darling  Manufacturing Co., Chi-
cago, Ilinois,

} Hydropoid—Bowman Feed Products, Inc.,
Holland, Michigan.

differences were repeated in other experi-
ments. The possibility existed that the
fat might decrease the rate of the passage
of the feed through the intestinal tract.
Munson e al. (1950) reported that dex-
trinized corn starch increased the time of
excretion over that observed when either
sucrose or lactose was used as the carbo-
hydrate in rations for chicks. The added
prime tallow did not increase the time re-
quired for the passage of the feed through
the tract (Table 2). This extremely rapid
passage of food through the young chick
emphasizes even further the importance in
poultry feeding of having all the essential
nutrients present in proper amounts at all
times.

Table 3 shows the data of another ex-
periment conducted in about the same
manner as experiment 1. The prime tallow
was tested only at the 5 percent level, but
the hydrogenated fat which was ineffec-
tive in improving feed utilization in ex-
perimeént 1 was tested at both the 2} and
3 percent levels. Again it did not decrease
the growth rate, but was ineffective at
either level at improving feed utilization.

M. L. Sunpr . ;

All other supplements except the prime
tallow improved feed utilization in this
experiment. In other experiments no
reported here prime tattow has heen effec-
tive in improving feed utilization. Aitken,
Lindblad and Hunsaker (1953) also re.
ported on the effects of tallow on feed
efficiency. These experiments show tha:
these grades of fats can be used effectivel:
except the hydrogenated fat. This ha

been reported previously by Sundi
(1954b), Carver ef al. (1954), Donaldsor.
Combs and Romoser (1954), and Siedier
Scheid and Schweigert (1955). Five or
2} percent fat was used in these experi-
ments. The lIevel of fat that will be mox
economical will depend on the price of the
fat and the price of the grains. Yacowir:
and Chamberlin (1954) fed levels from .3
to 3.0 percent. On floor litter 1.5 percen
fat improved feed efliciency 7 percent as
compared to 3.1 percent with 3 percen:
fat. In batteries, however, 3 percent was
better than 1.3 percent. The work from
thislaboratory has suggested that levels of
fat of as high as 10 to 22 percent (Sunde,
1955; Leong el al., 1935) increased the
feed efficiency even further. Combs and
Romoser (1955) have also fed 15 percent
with an increase in efficiency.

Table 4 shows the results of feeding 3
and 10 percent white grease, 5 percen
oleic acid and 5 percent hydrogenated fat.
None of the supplements decreased the

TaBLE 4.—The eflect of fats and faily acids on bod
weight, feed conversion, feces fal and free fatly
acids in the feces of chicks

Experiment 3
Gms.feed G fat % FFA
Additions to basal A 4“‘::( ¢ e indry of foues
T Gmlowt, feces fat
None 283 2.14 1.18 33
None 325 2.09
5, white grease 311 1.92 3.17 o4
109, white grease . 289 1.91 5,80 s
5% Oleic acid 292 1.96 3.68 6
5% Hydrogenated fatt 309 2.2 9.27 82
t Hydropoid —Bowman Feed Products, Inc, Holian

Michigan,
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growth rate. Ag}ain the addition of 5 per-
cent hydrogenated fat failed to improve
the utilization of the feed. All other
supplements improved this atilization. An
attempt was madc to determine the
digestibility of the fat in the feed. The
addition of the white grease increased the
amount of fat in the dry feces by 2 to 3
times depending upon the level. This was
slightly lower in subscquent experiments,
Five percent oleic acid increased the fat
in the feces about the same as the 5 per-
cent white grease. The amount of fat in
the feces resulting from the feeding of the
hydrogenated fat increased about 8 to 9
times over that of the basal diet. This
indicates that the fat was not utilized to
any appreciable extent. An attempt was
made to determine the amount of the
cther soluble fraction that was present
as free fatty acids. The feces from the
group fed the hydrogenated fat contained
82 percent free fatty acids. This suggests
that the glycerol portion of the molecule
was removed and that the free fatty acids
were not absorbed. The determination
employs the millicquivalents of sodjum
used to titrate to the phenolphthalein end
point and uses the 18 carbon fatty acid as
“ basis to determine the amount of free
Mttty acid present. Either the chicken has
“he ability to remove the glycerol portion
i the fat and not the saturated fatty acid
-r the fat is broken down into smaller frag-

"\BLE 8. The effect of fats and fatty acids on body
weight, feed conrersion, feces fal and free fatty
acids in the feces of chicks
LExperiment 4

Additions to 4 wk. fj'j"s' fc#i Z’? 5.:,“*
basal A wis. Gm. wt. feces
~one 326 1.90 44
% white grease 336 1.89 1.96
e Stearic acid 324 2,03 7.68
"% Oleie deid 320 1.77 1.78

* 2 week data,

3 : R
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TaBLE 6.—The effect of dispersing agenls on body
weight, feed conversion and feces fat of chicks

Experiment 5

4wk, Om feed O fat
Additions to basal A s, T in dry
W Gmwe feces
None 330 2.05 2.63
5 white grease 350 1.77 1.57
2% Sedium Ligno-sutfonate® 312 2.07 1.00
. 2% Sodium lingo-sulfonate® and
white grease 358 1.98 3.18
3% Stearic acid 318 2.19 9.01
5% Stearic acid and sodium ligno-
sulfonate 326 2.19 9.0t
57, Stearic acid and 029 sur-
factantt 325 2.16 7.76
Practical hroiler mash 343 2.04 1.76

* Marasperse N from Marathon Corporation,  Rothschild,
Wisconsin.

t Ethamid HT 25 from Armour Laboratories, Chicago,
Hinois. *

ments which have acid groups which can
be titrated.

In cxperiment 4 (Table 5) stearic acid
as well as oleic acid and white grease were
included in the experimental design. This
was done to determine the eflect on ab-
sorption of the completely saturated fat.
Again weights were not affected but feed
utilization was not improved with stearic
acid. The basal group was more efficient
than average (Tables 2, 3, and 4). Olcic
acid was especially effective in this ex-
periment. The percent fat in the feces is
about the same for the oleic acid as for
the white grease, however, the stearic
acid was not absorbed to any extent from
the intestine.

Table 6 shows the results of an attempt
to use a dispersing agent to improve the
utilization of the stearic acid. Sodium
ligno-sulfonate did not decrcase the per-
cent fat in the feces when added to a diet
containing cither white grease or stearic
acid. The use of a surfactant was not very
effective cither. The only group to show
any improvement in feed utilization was
the one fed the white grease alone.
Whether the sodium ligno-sulfonate actu-

ally decreased the feed efficiency is doubt-
ed since no effect one way or the other
was exerted in any group except the one

’?’66
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diet on feed conversion and body
weight al 10 weeks

Experiment 6

) Wt. {(gms) Gms. feed
M F Gmowt
Ral diet (&) 1.85 161 s.01
Rasal diet (A) 1.515 1,36
asal i 5 chi 1,700 1.366 2.00
B e A 1 Ll 2
High energy i B
ngrheac:cﬂm b+ white 1,643 1,399 2.38

containing the white grease. Thus it ap-
pears these surface active materials do not
increase the birds ability to remove long
chain saturated fatty acids from the in-
testine, :
The data presented here and the pre-
vious data from our laboratory were ob-
tained using a diet of medium energy con-
tent. Many other laboratories have used
higher energy diets. Table Slshows the
results of an experiment making a com-
parison between the two types of dxgts.
The high encrgy diet was made by using
largely corn and soybean oil meal with
low levels of alfalfa meal and supplement-
ing this diet with minerals and vitamins.
Supplementing either diet with five per-
cent white grcase improved the growth
rate slightly at 10 weeks. This has been
true in several of our trials to 10 weeks,
Sunde (1954a). The 10 weeks’ data_?f
Pepper et al. (1953), Siedler et al.'(19aa)
and Runnels (1955) also suggest this same
cffect. It is of interest that the addition

. Sohd
"aBLe 8.~The effect of falty acids on body weig
Tam anld felgd convcrsion in clicks

Experiment 7

M. L. SUNDE

Gms. feed

Wwt.
(gms.) Gm. wt.

i 2.21

Basal diet A . 280
B:sal—lrs% olcic acid 276 ; g;
Basal+59 stearic acid_ 294 2.08
Basal4-59 linolenic a_cul 281 -
Basal+5%, linoleic a.cn-d 275 ;.( ';
Basal +3% butyric acid ’5’;5; 2.,

Basal+5% white grease

3

"l‘ABu: 7.—Effect of varying the eneryy in the basal  Tassr.9.— The effect on chicks of lall oil products, an

fatty acids on body weight, feed
conzersion and feces fal

Fxperiment 8

Gms, feed g Jal

y - in dry

W Gems) Gm. wt. feves

Rasal di T .l(;lt;—mm 2’.04 1.12

Rasal diet A d01.2 z‘g§ 1-2}’
Basal 4577 crude tall oil 155.8 0% -

B:::| +56; talt oil | 201.7 5._(?! 2;4;1

Basai+5';’7? rosin nqxds 88.9 o5 o

Basal 4595 oleic acid 282.7 193 5

Basal+5¢% butyric acid 204.7 108 oo

Basal4+5, lénulmg acid .%1(_;.% 18 2: i

RBasal4+5€; linolenic acid 33(')1 1:92 2.14

Rasal 4577 white grease

of white grease to either type diet result:
in a similar improvement in feed utiliz.
tion. The improvement was .41 pound
feed in one instance and .37 in the other,
Perhaps the protein level was a bit more
than adequate for each energy level.
Tables 8 and 9 show the results of fecid-
ing several fatty acids to chicks. Butyric
was included to see what use the chickens
would make of this short chain fatty acid.
Butyric acid depressed growth in bfuh
experiments. Feed utilizatio.n was im-
proved with this material. Oleic acid, lino-
lenic or linoleic acid improved the feed
-utilization and did not affect growth.
When the crude tall oil was fed, the
growth of the chicks was deprcsse.d w'hen
compared to groups receiving oleic, lino-
lenic or linoleic acid. Tall oil reduced the
growth rate in spite of its high free fa!l,\'
acid content. The cause of this reduction
is probably due to its rosin acid content.
When the rosin acids fraction was fed a1
the five percent level, growth was (.k--
pressed markedly. The growth deprei-s..mg
effect of the crude tall oil was intermediate
between the high fatty acid fraction
and the high rosin acid fraction. All th.m-
of these products reduced feed utiiizatfon
probably because of their deprcssx.n;:
effect on growth. Tt is of interest to n(.)llcc
that the percent fat in the dry fe?cs is 4%
high as with oleic acid. No dctermmamnv\s
of fat were made on the feces of the rosi

vl
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TaBLE 10.—The resulls of cafeleria feeding of feed with and withoul added fat to chicks

Feed consumed in grams

Consumption ratio

VVVV;ithout fat With fat
L ]
A B At Bt AYA B'/B
;;;rinxent 9
Time )
0-7 days 380 385 545 705 S 1:1.4 1:1.8
0-14 days 1,100 1,045 2,367 3,048 1:2.15 1:2.9
0-21 days 2,315 2,720 5,380 6,260 1:2.3 1:2.3
0-28 days 4,950 4,595 9,610 10,285 1:1.9 1:2.2
Fxperiment 10 :
31-35 days 315 562 1,972 1,990 1:6.3 1:3.5
31-41 days 1,825 983 3,585 3,747 1:2.0 1:3.8
31-48 days 2,130 1,545 5,557 5,737 1:2.0 1:3.7
Experiment 1
0-7 days 500 1,100 1:2.2
0-10 days 963 1,930 1:2.0
0-17 days 1,820 3,825 1:2.1
0-22 days 2,640 5,000 1:1.9

acid fed chicks or those fed the crude tall
oil because of the severe growth depressing
effect of those materials. If the rosin acids
could be removed from these materials
efficiently, this product might finda use in
poultry feeds. At the present time the
price of the distilled oil is about 6} cents
per pound in tank carlots.

The data on the fatly acids tested shows
that the free fatty acids themselves are
not harmful and that the free fatty acid
. untent of an animal fat is not important.
T'he free fatty acid content of a material,
Lowever, may give some indication as to
‘he past history of the material, and
‘Lerefore may be of value to the purchaser
{inedible animal fats. This is true not be-
ause of the free fatty acid content, but
secause of other break down products
i may contain.

Table 10 shows the results of three ex-
seriments set up in such a way as to ob-
ain data on whether or not the birds
wrefer feed with added fat. The groups
were set up in duplicate in all but experi-
nent 11, The data show that light or gen-
ral activity were not impertant since

feed consumption figures of the duplicate
groups were about the same. The groups
were distributed in such a way as to
eliminate this as a variable. In all groups,
the birds preferred the feed with theadded
fat. When given access to both types of
feed, they consumed about two times as
much of the feed containing added fat as
the feed with no added fat. This relation-
ship held both for the chicks started at
one day of age and at 31 days of age. The
chicks started at 31 days of age had been
on another experiment until the 28th
day. No added fat was included in any
of the rations used up until the 31st day.
Thus it appears that battery chicks, at
least, prefer feed with added fat when they
have a choice. This does not mean that
they will eat more of a feed with added
fat when given only one feed, but rather
that when given a choice they prefer the
one with the added fat. We do not know if
texture or color is the more important
factor.
' SUMMARY
Representative types of inedible animal
fats have been fed to chicks. Choice white

308

grease, brown grease. prime, tallow and
No. 1 tallow were used in chick starting
dieis without deleterious effects at the nive
percent level. All waterials “im-
proved feed utilization. Oleic acid, lino-
lenic and linoleic acid did not affect the
growth rate and improved feed utiliza-
tion. The incorporation of five percent
hydrogenated fat or stearic acid in the
diet did not improve the feed utilization.
Apparently the chicks did not utilize the
saturated long chain fatty acids pro-
vided by these materials.

A comparison of a medium and a high
energy formula was made and the addition
of fat to either diet resulted in about the
same improvement in feed conversion.
Fatty acid fractions of crude tall oif
preparations were toxic to the chicks prob-
ably because of the rosin acids which
they contained. )

Chicks given access to feed with and
without added fat ate about twice as
much of the feed with the added fat.

these
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THE EFFECT OF KRAFT PULP MILL WASTES ON
SOME AQUATIC ORGANISMS

Wirtris M. VAax Horx, J. B. ANDERSON, AND Max Katz!
The [ustitute of Paper Chemistry, Appleton, Wisconsin

ABSTRACT

A study has been made of the toxic substances which may be found in kraft
pulp-mill wastc-waters. It has been determined that the suiphides, mercaptans,
restn acid soaps, and sodium hydroxide constitute the greatest hazard. The
minimum lethal concentration of these and other materials to fresh-water min-
nows, Daphnia, and aquatic inscct larvace has been established. Methods have
heen devised for evaluating these materials in kraft-waste waters, and data from
the examination of the wastes of a typical northern kraft mill are presented,

INTRODUCTION

The pulp and paper industry has for years been interested in problems
relating to stream improvement since large amounts of water are re-
quired in the making of its products. This water is not a part of the
final product but is used, among other ways, as a medium for pulp
refining and sheet formation. During its use, solids are added to it,
cither in solution or suspension, and when, after its use, the water is
returued to the stream, these solids can have an adverse effect on the
stream,

There are at least three ways by which any industrial or domestic
waste can affect the aquatic environment. First, the waste may contain
Inxie substances which will destroy the fauna and/or flora; second, it
may contain materials in solution, the stabilization of which uses so
much oxygen that the aquatic forms are adversely affected ; and third.
thiere may be a combination of these two types of action.

In the current study, attention has been directed -to the first of these
three possibilities in relation to kraft mill operation. Until recently this
troblem has received comparatively little attention. Cole (1935) investi-
wited the effects of kraft black liquor on perch, biucgills, largemouth
black bass, and rock bass, and found that the material was harmless in
romeentrations up to 5,000 p.pm. In Scandinavia, Bergstrém and Vallin
f1937) and Bergstrém (1939) studied the effect on fish of various
“omponents of kraft mill effluents, including digester condensates,
‘hlute wash waters, and other wastes. He found that. of all the sources
I waste arising from the kraft process, those containing the sulphate
wap carried the greatest potential danger, This same fact had been
1eparted carlier by Ebeling (1931). Hagman (1936) found that resin
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acids in sufficient concentrations would harm fish, and stated that the
safe concentration of these acids was 2 p.p.m. or less. Extrom and
Farner (1943) concluded that bass (Huro salmoides), bluegills {Lc-
pomis macrochirus), and sunfish (Lepomis gibbosus) were unaffected
by “river concentrations” of kraft mill wastes although the fish could
not live in the wastes themselves.

The inconclusive nature of the work cited above, together with the
need for more specific information, impelled segments of the kraft
pulping industry to conduct and support an investigation designed to
clarify the entire relationship hetween the kraft mill and the stream.
Accordingly, the work started by Cole and continued by Extrom and
Farner was brought to The Institute of Paper Chemistry in 1943. At the
Institute, the study was first supported by the Committee on Kraft
Waste Disposal, a group representing various kraft mills in Wisconsin.
For the past § years, however, the investigation has been supported
and extended by the National Council for Stream Improvement, Inc.
(an organization of pulp and paper companies) whose purpose is to
study this and other pollution problems in the pulp and paper industry.
The objectives of the present investigation may be listed as follows: (1)
to determine if and to what extent the waste liquors from a kraft mill
are toxic to aquatic organisms; (2) to devise methods for the detection
and measurement of these toxic components; and (3) to discover
measures which will prevent these wastes from reaching the streams.

There are several ways by which chemical wood pulp can be manu-
factured, among which are the sulphite process, the kraft or sulphate
process and, more recently, the semichemical process. Of these the
kraft method is the most widely used, with the sulphite process second
in importance. In the sulphite process the liquor used for digesting the
wood is an aqueous solution of sulphurous acid in which lime or some
other base has been dissolved. The result is, therefore, a solution of a
bisulphite of the base containing an excess of sulphurous acid. When
calcium! is used as the base, the nature of this liquor, as well as the
mechanics of the sulphite process, makes it economically unfeasible to
recover the spent liquor. It is, therefore, wasted and is commonly known
as sulphite waste liquor,

In the kraft process, on the other hand, the wood is cooked or digested
with an alkaline liquor in which the principal components are sodium
hydroxide and sodium sulphide, the latter comprising up to 45 percent
of the total alkali. From the point of view of the problem at hand, the
important aspect of the kraft process is that instead of being wasted the
spent liquor is evaporated and burned, and the chemicals in the ash are
re-used and the heat is recovered.

1In recent years the Weyerhaeuser Timber Company has developed an acid cooking process in
which magnesinm instead of calcium is used. In’theory, this process permits the recovery of the
chemieals and burning of the residue for heat recovery, thus materially reducing, if not eliminat-
ing. the problem of stream pollution. However, this development is still in the experimental
stage.
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In order to delineate more clearly the problem of stream pollu.tion
which may result from a kraft mill, it is desirable to consider briefly
the general aspects of the process. The .wood is cut into small chips and
‘ntroduced into digesters, the cooking liquor 1s added, and the digester
closed. Heat is then applied gradually, by direct or mndirect steaming,
and the cooking process is started.

The cooking cycle of any type of chemical pulp production consists of
three phases: (1) a period when the liquor is permeating the chips. (2)
a period of full pressure when the cellulose fibers are being freed from
their bonding material, and (3) a gassing-down period aiter the cook
when the digester’s internal pressure 1s gradually relieved to the poimt
where the pulp can be blown out. At the conclusion of the first phase.
the accumulated air and other gases in the digester are drawn off and
passed through a condenser for heat recovery. Turpentine is recovered
from the condensate, and the residue becomes waste. Similarly, at the
conclusion of the second phase, the relief gases are condensed and may
hecome waste.

After the pulp is blown from the digester, the spent cooking liquor
(black liquor) is separated from it and sent to the recovery plant. The
pulp is washed with water that is re-used until the black liquor con-
contration is high cnough for wash waters to be sent to the recovery
plant. In the final washing process, however, the waters muy be so
dilute that their chemicals cannot be recovered economically and, there-
fore, they may be sent to the sewer.

The spent cooking liquor and the concentrated wash waters are
evaporated under vacuum to a consistency of approximately 30 per-
cent solids. In most mills this vacuum is produced by a jet condenser
and its ¢ffluent may contain in solution some of the non-condensable
gases from the process of black liquor evaporation. This efftuent may
be sent to the sewer or, in some mills. it is used for pulp washing and
eventually finds its way back to the recosery plant. Use of surface
condensers instead of the jet type will reduce, if not eliminate, the
possibility of pollution from this source. The concentrated black liquor.,
containing most of the non-fibrous portion of the original wood as well
as the spent chemicals, is then burned in furnaces designed to recover
the chemicals and the heat of combustion.

When the black liquor from the blowpits (into which it is blown from
the digester) is sent to the recovery plant, it is usually stored m_large
receptacles for varying periods. As the material stands, a thick foamy
material, called sulphate soap, rises to the surface. Actually, it is com-
posed of the sndium salts of resin and fatty acids which were present in
the wond, Currently, this soap is being recovered and sold, but small
amounts of it may be found in the dilute wash water.

In summary. it can be stated that the major potential stream polluting
products from the normal operation of a kraft mill are: (1) the initial
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blowdown condensate, (2) the final blowdown condensate, (3) the
evaporator condensate, and (4) the soaps and other material in the
diltte wash waters.

Metnop or TESTING TOXICITY OF W ASTES

According to Sutermeister (1941), kraft waste liquors may contain
the following compounds : sodium carbonate, sodium hydroxide, sodium
sulphide, sodium sulphate, sodium sulphite, sodium chloride, hydrogen
sulphide, methyl mercaptan, and sodium combined with organic acids,
such as the sodium salts of resin and fatty acids (soaps). It is apparent
that any of these compounds might prove toxic if they are present in
sufficient amounts, The first problem, thercefore, was to determine the
minimum lethal concentration of these materials to various aquatic
species.

In choosing test animals, the more susceptible species of each group
were sclected.- A sccondary consideration was the environmental rela-
tionship of the groups, i.e., fish and fish-food organisms. The fish used
were specics of minnows taken from various sources in the vicinity of
Appleton, Wisconsin. Lake Emerald (Notropis a. atherinoides) and
spotfin (Notropis spilopterus) shiners were most commonly used but,
at times, the bluntnose minnow (Hyborhyncus nolatus) and the rosviace
shiner (Notropis rubcllus) were also used. Two types of fishfood
organistis were used as test animals. The first of these was Daphnia sp.
grown in the laboratory for the purposc, and the second was aquatic
insect larvae of various species taken from Iake Winnebago and adja-
cent waters.

The method using minnows as test animals was a modification of that
employed by Powers (1917) and has been previously described by the
senior author (Van Horn, 1943). Two-liter portions of the materials to
be tested were placed in open battery jars immersed in a constant temper-
ature (18° C.) water bath. From one to five fish, depending on the
oxygen resources of the test solution, were then placed in each jar, and
observations were made hourly up to 3 days. The survival time of
the fish was recorded if death resulted. Checks were made on the
dissolved-oxygen content of the test solution at the conclusion of the
test and, in those cases where this level fell below 4 p.p.m., the data were
discarded. Checks were also made on pH and alkalinity to make sure
that the conditions were within limits favorable to fish life. If these
conditions fell outside of these limits, which was very seldom, the
results were discarded.

When Daphitie was used as the test animal, two specimens werc
placed in a vial containing 25 milliliters of the test solution. The vials
were held in racks, each of which carried 26 test vials and 6 controls.
Periodic observations were made for a period of 48 hours, and the
length of time elapsing between the time of placing the specimens in the
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solution and immobilization was recorded. Checks on dissolved oxygen,
pil, and alkalinity were made before and after cach test.

When aquatic insect larvae were emploved as test animals, the method
used for Daphnia was modified to accommodate the  physiological
requirements of the insect larvae. The larvae were placed in test solu-
tions contained in glass vessels of suitable size and were permitted to
remain there for a period of 48 hours. In the meantime, a close watch
was kept on them. Extrancous variables, such as pll. alkalinity, and
dixsolved oxygen, were checked as deseribed abouve. The species used in
these studies were taken {from Lake Winnebago and adjacent waters
and included mayflies of the genus Blasturus and Leptophichia, the
Jamsel flv lgrion, and the dipteran Chironomus. All tests were made
using stabilized Fox River water. This water is relatively hard, having
apH oof 7.6 to 7.8 and a total alkalinity of from 140 to 160 p.p.m.

Toxiciry o Krart MiLL Wastes

In order to determine which of the components of a tvpical kraft
mill waste would be signiticant in this study, a number of sereening tests
weire made on 15 compounds, using the Lake Emerald and spottin shiners
as test animals (Table 1). It is apparent that the compounds of greatest

Taver L——Minimum lcthal concentrations’ of kraft pulp-mill wwaste components
eiiling Lake Enterald and spotfin shiners in 120 honrs.

- Concentration,

Compound p.p.m.
Sodium hydroxide. ... ............... . RV e 100.0
Sodinm sulphide. . ... .. . R 3,(!
Methyl mereaptan. .. |, . - 0.5
Hydrogen sulphide. . . ..., ....... RN L 1.0
Sedium thiesulphate. 3.0
Nodium chioride. .. .. e 2,500.0
Sodium earbonate. ... L e e 230.0
Sodinm sulpbate. .. ..................... e J 100.0
Formaldehyde. ... ... ... . e e 50.0
Crude sulphatesoap.......... PP P 5.0
Rodium sult of fatty acid fraction of erude soap 5.0
Sodium salt of resin acid fraction of crude soap L N 1.0
Sodium oleate (Stoek 100M) . .. . L. L e ot 5.0
Phytosterol (pured.. .. ... o .t e L. . 3.0
Sodium abictate (PUIRC). . L e e 3.0

tin this work the “minimum lethal concentration” was defined as the lowest concentration of a
tnxic material which would kill any of the test unimals within a period of 120 hours, when held
i a test solution at 18° C., and factors of pH. total alkalinity, and dissolved oxygen heing ‘hcm
to conditions approximating those of control tests. 100 percent survival of controls was required.

interest in this study are sodium hydroxide, the sulphides. methyl mer-
vaptan, and the crude sulphate soap and its components, Furthermore,
under normal operating conditions, kraft waste waters are relatively
constant in their composition and in the proportion of one component
to another. For these reasons, particular attention was dirccted to the
four compounds indicated, and an extensive series of tests, in addition

o

—

21



prr——

60 American Fisheries Society

to those just described for minnows, was made on IJaphnia and tw,
species of aquatic insect larvac.

The data contained in Table 2 indicate that the minimum lethal con.
centration was roughly the same for the species of minnows tested,
Daphnia, and the mayfly larvae. While mayfly larvae were less sensitive
to soap (10 p.p.m.), they were more sensitive than either of the other
forms to sodium sulphide. The midge larvae (Chironomus sp.) are
much less sensitive to all the toxic compounds tested.

TanLe 2—The minimunt lethal concentrations of kraft pulp wasic components
affecting minnotwes, Daphnia, and lwe species of aquatic insect larzie

Minimum Lethal Concentration, p.p.aa.
. Mayfly Chironomys
Compound Minnows Daphnia Larvae? Larvae
Sodium hydroxide. . .................. 100.0 100.0 1000 700 .0
Sodiumsulphide. . ...... ... .. ........ 3.0 10.9 1.0 1,000.0
Hydrogen sulphide.................... 1.0 1.0 1.0 .0
Methyl mereaptan. ............nu... 0.5 1.0 1.0 50.0
Crude sulphatesoap. .. ....,.......... 5.0 5.0 16.0 5.0
Sodiumm salt of resin aeid fraction of soap. . 1.0 3.0 .. 50.0
Sodium salt of fatty acid fraction of soap. . 5.0 1.0 ceee
1

1The spotfin shiner (Notropis spilopterus) and the Lake Emerald shiner (Notropis a. atherino. b .
*Mayfly Jarvae used were of the genera Blasturus and Leptophlebia. No attempt was made o
determine species.,

QuanTtiTy OF Toxic MATERIALS IN WASTE WATER

Having established the maximum safe concentration of the potentiaily
toxic materials found in kraft pulping wastes, the next step was to
measure the amount passing to the streams. The methods of analy~:»
adopted are being reported in detail elsewhere but they may be brieth:
described here.

It was apparent that the various sulphides need not be determine!
individually and, for the sake of convenience, it would be better if th
sulphides could be collectively evaluated by a single analysis. '{'mn: '
and Ryland (1936), Tamele, et al. (1941), Lykken and Trucmu.irt
(1942), and Borlew and Pascoe (1946) have described such a mitho!
which involves the use of a potentiometric-argentimetric titration = &
highly alkaline solution. The applicability of this method was thor mghl
explored, and it was determined that it would be effective in the currets
problem. Furthermore, if chlorides are not present in any great ameit.
it is possible to use the same titration for mercaptan evaluation. I'or ti
resin acids, an adaptation of the Liebermann reaction was used. Far
sodium hydroxide analysis consisted of a simple potentiometric titrali?
with a weak acid to a pH of 84.

During the period from May to September, 1947, the waste waters !
five typical northern kraft mills were subjected to frequent analysvs ¢
sulphides, mercaptans, resin soaps, sodium hydroxide, and pH. 3%
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«as taken to sample under all types of operating conditions. All samples
tahen were grab samples. It should be noted that 24-hour composite
wmples of these wastes will not show extremes in variation of t}xexr
hemical content. It has been demonstrated, for example, that, if a
«ample having a high pH is permitted to stand for an hour or so, its pH
will gradually change in the direction of neutrality. For that reason, grab
armples were taken to determine the degree of variation in the nature of
the waste waters. At the time the samples were takcn_, data on the
vohune of sewer discharge and the volume of'nvcr discharge were
.cured. A typical analysis for one mill is shown in Table 3.

1t will be noted from Table 3 that, in 13 of the 35 analyses of raw
waste, the concentration of sulphides in the waste water exceeded the
sinimum lethal concentration (1 p.p.m.) ; in all cases, the concentration

Wr ——— o

.{ imercaptans exceeds the minimum lethal concentration (0.3 ppm.);in
all vases, content of the resin acid soaps exceeded the minimum lct!xal
concentration (1 p.p.m.); and, in 4 of the 35 analyses, the concentration

rapr 3.—The results of waste water analyses of a typical northern kraft mill.

June 24 to Scptember 12, 1947,

b

Parts per Million
2ample River
No. dilugio‘n Resin Sodium
i b
Tatie Sulphides | Mercaptans soaps hydroxide pH
e 1 0.7 1.5 A 5.0 6.6 8.6
-l' 1Z,g 0.6 0.7 5.0 8.0 8.8
3 178 1.5 4.1 18.0 61.4 9.9
4 218 1.6 1.8 8.0 24.2 9.4
5 185 1.0 1.2 5.0 12.0 a.0
6 193 0.2 1.9 5.0 0.0 7.8
7 275 15.4 1220 18.0 114.0 10.6
) 232 0.5 2.5 3.0 6.6 8.7
2 224 0.2 0.7 3.0 0.0 8.2
10 138 0.4 0.9 2.0 0.0 8.2
11 142 0.9 1.6 3.0 0.0 8.2
12 126 0.0 1.0 3.0 0.0 8.1
13 123 0.8 1.6 3.0 14.7 8.7
14 193 0.0 2.7 5.0 10.6 8.7
15 173 0.2 1.4 5.0 0.0 8.3
1% 101 0.2 0.9 5.0 14.7 8.8
7 173 0.2 1.2 2.0 0.0 7.6
13 176 0.0 1.1 5.0 0.0 7.9
19 166 0.0 1.2 3.0 0.0 7.9
2 177 0.2 11 3.0 0.0 7.7
: 153 .2 1.1 3.0 0.0 8.4
12 152 g,o 0.8 3.0 0.0 81
3 157 0.0 0.6 2.0 0.0 8.3
bad 144 0.3 1.0 2.0 2.6 8.5
% 156 2.1 1.9 3.0 13.3 8.9
» 161 88.4 15.8 18.0 391.0 10.5
n 113 0.4 1.8 3.0 4.0 8.5
m 103 0.3 1.7 3.0 17.3 9.0
n 96 0.0 31 5.1 9.3 8.7
® o 2.8 33 8.0 214 8.8
n 94 25.8 8.1 18.0 115.0 9.4
s 134 0.4 1.0 3.0 144.0 107
- 136 36 501 5.0 13.7 8.9
o 127 2.8 7.2 30 9.4 8.8
28
109 1.3 0.9 5.0 0.2 8.5
-‘——____ 3

3 : N
;’:‘:'m!. Silution ratio is calculated by dividing the volume of river discharge by the volume of
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of sodium hydroxide exceeded the minimum lethal concentration (100
pp-m.). s soon as the wastes are discharged, dilution with river water
takes place at varyving rates depending on the volume of river flow. The
lowest dilution ratio observed at this particular mill was 1 to 94 (Table
3). If total dilution is assumed, the concentrations of the toxic materials
would be brought to a point below their minimum lethal concentration
as soon as the necessary dilution had occurred.

In the entire study, including phases not presented here, the lowest
ratio of dilution found in the two receiving streams was 1 to 73, Simi-
larly, the highest concentrations of the compounds under study were
sulphides 88.4 p.p.m.. mevcaptans 43 p.p.m.. resin acid soaps 28 p.p.m.,
and sodium hydroxide 3,763 p.pam. Although these conditions did noet
accur simultancously, they do form a theoretical picture of what could
happen under the worst conditions in the mills under study. In each
case, however, the concentrations of the materials after dilution are
hrouglt to a point-where their danger is reduced to a mininiam, if not
climinated.

Discussiox

The primary purpose of this investigation was to determine whether
or not & problem relating to aquatic organism toxicity is associated with
the normal operation of a krafi pulp mill and, if there is a problem, to
determine.its seriousness. From the data presented it can be stated that,
under normal operating conditions t the locality where the study was
made, there is little danger to the aquatic environment from the toxic
properties of kraft pulp-mill wastes. While the majority of analyses of
waste waters indicated that they contained toxic materials in excess of
their minimum lethal concentration, their concentration was reduced to
a level safe for fish and other forms after dilution in the stream. It
should be pointed out also that, when fish or other aquatic organisms
come into contact with these materials in lower concentrations, death
does not occur instantly. For example, in a concentration of methyl
mercaptan of 1 p.p.m. (twice the minimum lethal concentration), fish
may live for as long as 2 days before exhibiting any of the reactions of
poisoning.

If a kraft pulp mill is operating normally, there scems little danger
that it may be responsible for destroving an aquatic environment by the
toxic action of its wastes. providing enough receiving water is available
for sufficient dilution. Abnormal or accidental incidents may sometimes
occur in the operation of any industrial installation. For that reason.
this investigation is being continued to determine at which step in the
operation the potentially toxic materials occur, and to find ways and
means of preventing their passage to the stream in the event of accidents
ur other abnormal conditions,
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| Expe'riméntal Carcinogenicity and Acute Toxicity

- Of Representative Epoxides

‘"CARROL S. WEIL, NAOMI CONDRA, CHARLES HAUN and JEAN A, STRIEGEL
Mellon Institute, 4400 Fifth Avenue, Pittsburgh 13, Pennsylvenia

@ Carcinogenic and acute toxicity potentia

1 were assayed while more than 60 epoxy

compounds were being studied for commercial utility. Range-finding toxicity data
are presented for 605 lifetime mouse skin painting results are given for 28, and mouse
schaceous gland suppression results are listed for 26 of these comnpounds. None of the
11 monocpoxides produced tumors while 5 of the 17 diepoxides were tumorigenic
during lifetime skin painting of mice. ‘[he median latent periad for tumor production
with the dicpoxides was 15 to 23 wonths. No generalities about the toxic, irritative or
carcinogenic hazards are justified by the presently hnown facts. Each compound must
be individually studied to determine taxicity and carcinogenicity potential,

Infroduction

LTHOUGH commercial utilization of

epoxy compounds is relatively new, in
recent years the hazards to hicalth of utiliza-
tion of the cpoxy monomers and resing have
been the subject of many reports. Most of
the discussion has been related to the derma-
titis and sensitization obscrved during curing
and, as Bourne, et al.} stat:, the cause of
most of this appears to be the uncombined
amine catalyst which is present in the epoxy
resin/amine mixture. Lee, ¢ al.2 tested irri-
tation and sensitization from an uncured
resin, an uncured resin modifier and four
amine curing agents, utilizing human patch
tests, as did Key, ¢t al.? with scveral epoxy
resin components. In some instances the un-
cured resins and modifiers were found to be
irritating and sensitizing. Dorman® also re-
ported severe skin disorders from handling
liquid epoxy resins and amine-type curing
agents. Hine, cA al.® and Lee and Neville®
emphasize that I there is no skin contact,
there will be no \ermatitis; that good per-
sonal hygicne is all\that is required to prevent
injuries.

"There arc available only a few publications
on the toxicity apd carcinogenicity of the
£pPOXy IMONoINCrs. {n the arva of toxicity these
include the reports of Hine, et al.” whe
studicd six cpoxy resins, and of Cornish and

Dlock® who reported on the range-finding
and/or inhalation toxicity of one uncured
resin, two resin modifiers and six amine cur-
ing agents. White and Shacffer® presented
physiological irritation. sensitization, and tox-
icity data upon several resins and monomers.
The most complete collection of health in-
formation on the epoxy compounds is the
chapter on this subject by Hine and Rowe
in the book cdited by Patty.'

Reference has been made by Walpole and
Williams'' to the possibility of qualitative
changes produced in particular blood com-
pouents. Kodama, et al.*? reported that less
complicated polyfunctional epoxides and
monolunctional epoxides with auxiliary active
aroups, parentally administered, resulted in
a4 decrease in the number of nucleated cells
in the bone marrow, in the total number of
civeulating white cells, and in the predomi-
nant white cell type in the peripheral blood.

Iendry, cf al.,*® cited the tumor-inhibito
} : ry

.and cytotoxic activity of many mono- and di-

(bis) cpoxides. They concluded that marked
activity in these tests had been shown only
hy certain members of the bisepoxide class;
in particular butadiene dioxide, viml cyclo-
hexene dioxide. certain N:N-diglyeidyl de-
rivatives of primary aromatic amines and
diglveidyl ethers of aliphatic diols. The mono-
epoxides were inactive, Intraperitoneal injec-

p 305



. Tazre 1
Structure and Identification of Tested Epoxides

. 13

- . e e

Humber Materiel Formule
1 Ethylene oxide C@‘%;CHQ .
2 Propylene oxide C{%;Cd-CH:,}
3 1,2-Epcxybutane CHQ-CH-CH-CH3
A%
4 Epichlorhydrin C{%;CH-CHQ-Cl
, /CHE'CH3
5 N-Glycidyldiethylamine CHo-CH-CHp=N
N7 “\CH,-~CH
) Butyl glycidyl cther Cli~CH-CHp-0-CyHg
\0/
T Epoxidized soybean oil Indefinite
8 Butadiene monoxide C{{e;CH-CKaCHQ
5 ‘.
9 Glycidyl acrylate C{%;CB-C:IZ-O-g—CH:CHz
cidyl v ~CE~CILs0-C- -CH-
0 . Glycidyl oleate g e ti=Clls g (CBp ) CH=CH- (CHo).~CHg
11 ' Styrene oxide . ~CH, .
4’" E € C\HOICH2
12 Glycidyl benzoate : cag-c:ﬂ-cag-o-g@
5o - RIS N b :
| Fhenyl glycidyl ether . )

crrg;crz-cxz-o@
\O;

90
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15

16

17
18

19

21

23

2k

2, 3-Epoxy-2-methylpropyl acrylate
1,4-Dichloro-g,3-epoxybutane

Diisotutylene oxide

Etnyl 2 » 3-Epoxybutyrate
2, 3-Epoxy-2-ethylhexanol s
Triisobutylene oxide

2-Ethylhexyl 9 »10-epoxystearate

Allyl 9,10-Epoxystearate

3, h-Epoxycyc lohexanecarbonitrile v
3,1&~Epoxy-6-methylcyclohexylmethyl acetate

Ethy)l 3-Oxatricyelo -/3. 2.1.0° 'i70ctane-6—ca.rboxylate

)

Mixture of

M

ng;c-éye'?'z‘;‘f:ma )

c1-c112-cg&ca-cxe-01
Hy H CH
cn3-g-§-£;-;':-3a3 and
SH3 - Q ’ .
H H
3 3
CH —Cda- —Cﬂz
CZI%'O'g'C\}é;CH'CH3
Cols
CH3-CH-CHp~CH-C-CHp0H
O

Mixture of Isomers of Empirical
formula 012H2h°

{oll

cwg-g-_c?fa-o-g- (CHz )7 -c\}io-,c,q- (cHo )7 - CHy

CH2=CH-CH2-0-g- (cH, )T‘CigCH'(CHQ ),~CH3

-CN
4

~CHa=0-C-Cii3

(o]

-CH3

H

2154

jpuinof ou

£0¢
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ke

g
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1

i)

16

17

18

19

20

21

23

2k

2, 3-Epoxy-2-methylpropyl acrylate

" 1,%-Dichloro-g,3-epoxybutane

Diiscbutylene oxide

Etnyl 2, 3-Epoxybutyrate
2,3-Ezcxy-2-ethylhexanol /
Triisobutylene oxide

2-Ethylhexyl 9,10-epoxystearate

Allyl 9,10-Epcxystearate

3,h—Epoxycyclohexanecarbonitrile v
3,h-Epoxy-6-methylcyclohexy1methyl acetate

Ethyl 3-Oxatrieyelo-/3.2.1.0%%octane-6-carboxylate

ra,

oH
C{*g;"‘ yﬂ-g-g-cuacnz A

Aty

=
g‘
5
C1-CHp~CH=CH-CHp~C1 -"‘
\O‘ = s
?33 HCH %5,
Mixture of c113-c—t;-,c-éa3 and 3
‘ Ciy O ‘ 3
. b~
8
i H
cty-f3y b3 i
CHy ~
ca}g-og-cz\zé-,ca-cn3

(Colig
cn_—,,-cn-cr;a-c{xa,c-cxaox

Mixture of Isomers of Empirical
formule CjoHoL0

2 *? .
cw;_g-c zg-o-g- {cH2 )7 -c\xO-,cx- (052)7 - CHgy

c:—;2=CH-CH2-o-g- (CH,) 7-0&3,(:;1-( CHy )7-CH3

-CN

~CHp=0--CHy

O

-CH

£0¢

sl

T —
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TasLe I (continued)

Wy
3
Number Material Formula
(@'5’0""“”5
25 Vinyleycloiiexene monoxide
@-C&Cﬂz
26 Allyl 3,L-Epoxycyclohexanecarboxylate
q:]::::]-g-o-ca2-05=c52
0
27 Allyl 3,L-Tpoxy-6-methylcycloliexanecarboxylate
-‘f’:-O-CHQ-CH:CHa
~Cii3
28 Di(2-Ethylhexyl) b,5-epoxycycloncxane-1,2-dicarboxylate
Coig
-g-o-cae-ca-gkag
25
29 Di(Isodecyl) k4,5-Epoxycyclohexane-l,2-dicarboxylate
‘ ~5=0-Cy1oHp1
[¢]
%0 -
30" Lk-Oxatetracyclo-/8.2.1.0%2 703,57 -undecan-9-01 s
- -y
oy
=
. . : B &
& 3i ’ - BEpoxidized 2—Ethylhe;:yl ester of tall oil fatty acid Irdefinite g
32 Alxyl epoxytallate Indefinite . ‘

SR e IR IATHAT AN s ek £rf tmd) I 1 bty mega

Tncdetint e
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3%
35

37

38

39

ko

L1

Lo

43

L

18

Epoxidized Ethylene glyveol ester of tall oil fatty acid

Calcium selt of epoxidized tall oil fatty acid
Magnesium salt of epoxidized tall oil fatty. acid

Cadmium 9,10-epoxystearate

Calcium 9,10-cpoxystearate

Magnesium 9,10-epoxystearate

Caleium 2,3-Epoxy-2-e¢tuylhexanonte
Tetrapropylene oxide

Butadiene dioxide

1,2-7,8-Dicpoxyoctane
Bis42,3-ep0xy-2-methylp?opyl)e;her
Bis-(3,h-epoxybutyl Jether

Ethylene glycol bis-(2,3—epoxy-2-methylpropyl)ether
2,3-Epoxy—é-ethylhexyl 9,10-epoxystearate

2-Ethyl-1,3-hexanediol big(9,10-epoxystearate )

Indefinite o .
? >
Indefinite [
. Indefinite 2
ca@-g-(cne).,-qg;ca'(cng)rca?]g &
o] 5. :
: [N
o3
t:a[é-g-(cxz)—(-c\a-,czi-(cxz)-,-cagg LY
0 () :?
8
¥e/0-C-(CHp)/-CH-CH~(CHp ) 7-CH3Tp -3
) 0 =
CoH,
2
Ca(o-g;-'c\—-gn-caa-cne-c%)z
0 o
Indefinite
cx\%;cx-c\.g-,cxa
~OH- ~CH-
‘cg%, H (Cﬂe)b 3(‘),“’2
CcH CHs
cga;c-éﬂe-o-cnz-q&éua
ci%;cn-crie-cue-o-csg-cag-c\ié-(cug
Cll, CH
Moo N O .
;¢S;L-8H2-o-c52-ca2 0-C, é\o,é”z
. 02H5 .
CH3-CH2-CH2-C\P(I_)-/<':-C:12-O-g-(CHQ)7-C\ré—/CH-(CH2).(-Ch3
gok
C3ly=-CH~CH- }Zg-o-g—(CHQ)-{-C\!({);CH-(CH2)7-CH3
o-g-(csg),(-cgapa-(cna)—,-crg §

841
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Tasee 1 (concluded)

"
oy
Number Material Formrula ®
k9 Glycidyl sorbate (dimer) Indefinite
50 Vinyleyclohexene dioxide N
-CH-CH,
51 2,3-Bis{glycidyloxy)-1,4-dioxene
,0~CH2-C\!'(1);CHE
’ ~0-CH,-CH-C
52 Bis-(3,k-epoxycyclohexylmethyl) adipate o Hy o’ )
~CHp=0-C- (Clp)1y-G-O-
' <O &g &
53 Bis-(3,4~epoxy-6-methylcyclohexylmethyl) adipate ‘ CHQ"O‘Q'(CHQ)M'Q'O'
o] 0
-'CH3 CH3-
sk 3,4-Epoxy-6-methyleyclohexylmethyl 3,k-epoxy-6-methyle yelohexanecerboxylate
( ]-cnz-o-c- '
¥
55 3,k-Epaxycyelohexylmethyl 3,4-epoxycyclohexanecarboxylate Ci3 CHy
-CH,-0-G-
, . o@ 2% (}1 <
. | | £
56 Limonene dioxide v ¥
“ 3
. . : i rf)\é\ ‘ ’ &
57 -Bis~(2, 3-Epoxycyclopentyl) ether cis CH3




o

58

59

61

62

bn?

endo-Dicyclopentediene dioxide . A

Dicyclopentadiene dioxide, 70% exo iscmers » 30% endo iscmers

3,h-Epoxy-6-methylcyclohexylmethyl ester of tall oil fatty acid Indefinite

2,2,-Bis-/p- (2,3-glycidyloxy)pheny}.7propane gH3 oCHnt
c\rxg)-/cn-czia-o-@-é@' ~CHy- \Ho'fmz

@ -O-CHQ-C\I?-ICHz .'
CH2/-CH-CH2-O- @(:HE-( !Ha-( °H

1,1,3-Trigp-(glycidyloxy )Jphenyl/propane

0-Cilp~Cli=CHy
CH CH
Bis-(2-(2',3'-Epoxy-2' ~methylpropoxy)-ethyl) éthey c%;c-éﬂe-o-cua-cse-o-cxe-cag-o-caa -q&énz
Modified bis-phenol diélycidyl ethers Indefinite
Modified bis-phenol diglyeidyl ethers Indefinite
Bis-(2, 3-epoxy-2-methylpropyl) ether of CARBOWAX 200 Indefinite

e
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tion of vinyl cyclohexcne dioxide produced
one sarcoma, while mouse skin painting re-
sulted in a high yield of tumors. They con-
cluded that evidence for skin carcinogenicity
was not so strong for butadiene dioxide, al-
though that compound produced mutations
in a strain of Penicillium.

McCammon, et al.,** stated that three di-

“epoxides produced mouse skin cancer; and

that all 20 compounds tested suppressed seba-
ceous glands and caused epithelial changes,
frequently marked by hyperplasia. Hine, ¢!
al.5 reported on the absence of carcinogenic
action of a 5¢& acetone solution of a liquid
bisphenol-based epoxy resin, and on the low,
but positive, carcinogenic action of a liquid
aliphatic cpoxy resin painted three times
weckly at this 555 level. The four tumors
reported by Hine appeared after 10, 16, 22,
and 23 months of painting.

It is worthy of note that the highly positive
action of the first vinyl cyclohexene dioxide
paintings by Hendry et al,’® were made
“with onec drop (ca. 16 mg) of the com-
pound, five times weckly for a total of 12
menths. Skin papillomata began to appear
within a few months, and many of these
subsequently became malignant.” In this
same 1951 article they stated that in a further
experiment a highly purified sample, more
toxic and more active cytotoxically, was being
applied as “a solution in acectone (three

" parts)” to the skin of mice at the rate of one

drop per animal twice weekly. “The first
papilloma made its appcarance at two
months.”

However, in their 1954 article, these au-
thors'® stated that “we have already reported
the production of carcinoma of the skin in
mice by painting with vinylcyclohexene di-
oxide in acetone” (and they here refer to the
page in their 1951 article quoted above)
“but, repetition of this experiment with a
more highly purified sample of this diepoxide
has failed to yield tumors.”

These references are confusing to analyze.
No statement was made in the 1931 article
of whether the first study was run on an
undiluted or diluted sample. The compound
was painted five times a week. Then they
stated, painting twice a week with a 25¢

S r‘|

» T uly—August; 1963

solution in acetone of a different purified
sample resulted in the first papilloma in two
months. Still, in 1954, they state that the
purified sample (presumed to be the same
one referred to in their first article) was not
productive of tumors. They presume that the
difTcrence in action between the samples was
due to the differcnce in purity, but it could
equally as well have been produced by dif.
ferences in concentration or frequency of
painting. : .

Some of the following range-finding tox-
icity data have been reported in previou,
papers'® from this Jaboratory, with the latest
issued in 1962.2 However, they are resum.-
marized here together with previously un-
published data to assist in the attempt to
portray the over-all picture of toxicity of
these cpoxides. Furthermore, the experi-
mental cancer studies on many mono- and
diepoxides have not been published previous-
ly. Tt is important to ascertain whether one
can justifiably make a general statement, such
as is currently prevalent, that diepoxides are
carcinogenic. White® spoke on the subject
of considering the members of this chemical
family as toxicological individuals. It is
believed that the examination of the toxico-
logical and carcinogenic nature of a large
number of these family members will eluci-
date the soundness of this statement.

Methods

The toxicalogical methods wﬁently used

in this laboratory were discussed in our latest
cominunication’? on the range-finding test
and will, ‘therefore, not be repeated here.
Sensitization of guinea pigs was determined
by a technigue consisting of eight intracuta-
neous injections (three per week on alternate
days) of 0.1 ml of the diluted epoxy mate-
rials. A three-week incubation period was
followed by a challenge dose, and examina-
tions for possible sensitization reactions were
made 24 and 48 hours thereafter,

The lifctime tumorigenicity procedure us:d
was similar to that reported by Weil axd
Condra.*® Dasically, the hair was removad
with electric clippers, as necessary, from the
backs of 90-day old mice. The mice received
three applications per week—one brushful of

"3

{
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chemical being applied to the midline of the
back on Monday, Wednesday, and Friday.
Observations were made for papillomas and
carcinomas during cach painting period.
Groups of 30 to 40 mice were used for cach
material tested.

Mice of the C3H strain were used in the
majority of the studies. All liquid materials
were applied undiluted if not too toxic; in
solution in a solvent if a solid or if unusually
toxic. The mice were observed until death;
quite important in the assay of tumorigenic
potential of materials such as cpoxides which
often result in tumors late in the life-span of
the mouse, if at all. Several, nonstandard
experiments were made with the compound
numbered 54. These will be discussed later.

Whenever a tumor was seen on the skin, a
plot of its position was made and a record
of its progress was kept. The median tumor
or cancer latent periods were calculated by
the method suggested by Horton.?® These
latent periods are the lengths of time neces-
sary to reach a 5067 tumor or cancer index,
The indices are 100 times the number of mice
with skin tumors or with cancers, divided by
the “effective group” where “effective group”
is the number of mice given adequate ex-
posure. This is the original number of mice
employed less the number that have died
without tumors. It is, thercfore, a variable
number that decreases by one with each non-
tumor death, It is, however, arbitrarily held
constant after the time of the appearance of
a tumor in the median tumor-bearing mouse.

The sebaceous gland test, somewhat similar
to that described by SuntzefT, ¢f al.,2 as used
in this laboratory involved the daily applica-
tion of one brushstroke of a chemical under
test; five days the first week and four the
second. The day after the last painting all
surviving mice were killed; the skin subse-
quently was fixed, embedded, sectioned and
stained. The number of sebaceous glands per
Square centimeter of skin was counted and
related to the number present in the skin of
control mice. We atbitrarily use the following
grading system:

— Grade Percentage of Control Mean
0 76 to 10U
1 51t0 75
2 26 to 50
3 Oto 25

313

An advantage of this nine-application test
other than its reduction in elapsed time, is
its indication of the toxicity of the chemical
before it is used for lifetime painting. If the
mice died in this two-week period (labelled T
for toxic in Table II1) lower concentrations
of the chemical were used in lifetime tests.

Results and Discussion

The results of the range-finding toxicity
tests, the sehaceous gland suppression and the
lifetime skin-painting tests are summarized in

ically identified, whenever possible, in Table
I. Hercin they are nuinbered and these num-
bers are used for reference in the subsequent
tables. All tests have not been performed on
each material. Furthermore, this compendium
of epoxide toxicity and carcinogenicity data,
although relatively large in relation to data
already published, is still represented by only
a few members of certain structural sub-
divisions. Nevertheless, the structurally sim-
ilar members have been placed as near ecach
other in the tables as possible, with the fol-
lowing cxceptions: 13 of the 60 materials
for which data are incomplete are presented
at the end of Table II. Similarly, in Table
IIT, when only the schaceous gland test was
run, the entries are again made at the end
of the table. The terminally located mono-
epoxides are numbered one through 14; those
with the one cpoxy group located internally
are numbered 15 through 36. The dicpoxides
tested plus a few aterials with more than
two cpoxy groups arc numbered 37 through
66. Furthermore, cach table, as far as Pos-
sible, follows this order: saturated aliphatics,
unsaturated aliphatics; alicvclics and aromat-
ics. “T'his arrangement was ‘used to reveal

_Tables II and III. The mnaterials are chem- .

rclationships between structure and toxicity,

if any exist.
Toxicity

A wide range of toxicity and irritation of
cpoxy monomers is revealed by the data in
Table II. No consistent correlations with
structure are evident.” Accordingly, cach
epoxide considered for utilization should be
studied as an entirely new substance, rather
than relying upon data already obtained on
similar structures.
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Taere 11

Experimental Toxicity Results of Tested Epoxides

o ©

ket

Inhalation of Metered

15

I

hé.83 ) ‘ Ehourﬁ Co - -~ - e

Single Skin Concentrated Vapor Concentration Sensitiza-
Penetration Vapor In- by Rats Corneal ticn of
Single Oral LD5O for halation by Concen= Irritation Injury Guinea Pigs
I..D5 for Rats Rabbits Rats Maximum tration, Time, Mortal- on Uncovered in Ko« Sensit.
Number Ml.?}(g. Ml./Kg. for Ko Death PPH. Hour ity Rabbit Belly Rabbits No. Tested
1 0.33(0.29-0.36)* - - 8,000 4 6/6 - - -
k,000 L 0/6
2 0.63(0.54-0.73)  1.50{1.07-2.10) 5 min.® k4,000 I 4/6 i -
3 1.41(0.88-2.29) 2.10(1.50-2.95) 5 min. § 8,000 4 6/6 1 L -
4,000 4 1/6
i 0.21(0.20-0.23)*% 1.3 - 250 8 L/6 2 b 0/18
5 0,42(0.26-0.63) 0.79{0.59~1.07) 30 min. 2,000 b 6/6 6 9 -
1,000 L o/6
6 2.05(1.56-2.69)* 2.52(1.28-4.97) 2 hours 4,000 § 1/6 1 5 16/17
7 22.5(14.0-36.0) > 20 8 hours - - - 2 0/20
9 0.21(0.15-0.30)*  0.4¢{0.18-0.92) 30 min. 125 L 6/6 7 10 -
) 62.5 Y 0/6
.10 3.52(3.35-3.69)* 8 _ 8 hours - - - 2 1 2/3
1 2.83 ‘ ' 0.89(0.49-1.63) b hours 1,000 - 4 2/6 5 2 /11
13_‘ 4.26(3.90-4.66)* 1.50(1.07-2.10) 8 hours ) - - - -5 2 1/18
o 2 2 -

Fit
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16 k.92(3.75-6.46)%  14.1(8.74-22.9) 10 min. 4,000 2/6 3 2 o/10
17 0.50(0.32-0.79)  2.83 .8 bours - - 1 2 -
18 5.05(k.49-5,68) 3.15(2.33-4.26) & nours - - 1 5 -

19 6.69(k.11-10.90)  1h.1 8 hours - - 6 1 0/20
20 30.8(24.9-38.1) > 20 8 hours - - 3 1 0/20
21 1.k1(0.88-2.29) 15.9(11.7-21.5) 8 hours - - 3 -1 -
22 1.23(0.9%-1.62) 0.99(0.73-1-34) 8 hours - - 2 5 -
23 9.8(6.1-12.0) T.94(5.87-10.73) 8 hours - - 2 2 -
24 L.76(3.28-6.75) 3.54 8 hours - - 2 2 -
25 2,00(1.28-3.13) 2.83 2 hours - - 2 5 0/19
27 0.50(0.32-0.79) 2.83(0.93-8.58) 8 hours - - 3 1 -
28 > 62;' > 20 8 hours - - 2 1 -
29 > 64 > 20 8 hours - : 2 2 -
30 3.13(2.68-5.21) > 10.0 8 hours - - 2 7 -
31 22.6 > 20 8 hours - - 3 1 -
3 45.3(32.8-62.3)  15.9(11.7-21.5) 8 hours - - 2 1 -

SIg
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Tasre I1 ( continued)

Inhaletion of Metered

Single Skin Concentrated Vapor Concentration Sensitiza-
Penetration Vapor In- ty Rats Corneal  tion of
Single Oral LD5O for halation by Cencen- ‘Irritation Injury Guinesa Pigs
Bber 100k Mo oriebemtn U imu” our iay. . Rabbic beily Rebits Mo Testss
33 39.4(30.0-51.7) > 20 8 hours - - - 2 1 -
L2 0.088 * | 0.035 < 15 min. 125 L 1/5 6 10 18/18
L3 1.07(0.77-1.50) 0.32{0.23-0.43) & hours - - - 6 7 -
il 1.68(1.03-2.7k) 1.25(0.84%-1.85) 8 hours - - - N 7 L/19
g 1.07(0.77-1.50) 0.25(0.17-0.37) 8 hours - - - 5 7 -
ug 7-46(5.35-10.41)  3.15(2.33-k.26) - - - - 2 5 0/17
50 2.83 * 0.62(0.25-1.57) 8 hours - - - 5 7 0/16 '
51 1.07{0.77-1.50) * 1.59(1.17-3.20) 8 hours - - - 4 7 -
5é L.25(3.07-5.98) > 20 8 hours - - - 2 -1 -
53 5.19(4.20-6.41) > 10 8 hours - - - 2 1 0/12
54 b.92(3.75-6.46) > 10 8 hours - - - 2 1 0/15
55 L.49(1.81-11.2) > 20 8 hours - - - 2 . 1 -
56 5.63 * 1.77 8 hours - - - b 3 o/17
57 2.14(1.54-2,59) ‘ > 5.0 .8 hours - - - 1 3 0/13
58 0.21(0.13-0.34) * < 8.0 # 8 hours - - - - - 1/1k
0.31(0.25-0.38) * 3.18(2.35-4.29) * - - - - - - -

59

LTH
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" Number

(W)

61

39
Lo
L1
by

kg

26.0(16.9-39.9) > 20 8 hours
19.6(1k.9-25.7) > 20 -

- - 8 hours
.41 % - -
53.8(28.3-103) - -
>20 % . - -
> 10 * - -
> 16 % - -
> ho * - -
33.2(23.0-k2.9)* - -
> 20 # - -
1.8 - -
4s.2 - -
> 64 ' - -
5.74(5.28-6.25)* - -

- > 8% -

14/16

* as gm./kg. in a suitable vehicle.
inhalation time shown killed all six

rats,

LI1g

)
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Fasre III
Experimental Carcinogenicity Results of Tested Epoxides

Results of Life-Span Cancer Studies

Appearance
of First Tumor Median :
Con- No. of Months Maximum Iatent Sebaceous Cland Test
cen- Mice Alive of No. of Total No. of No. of Period % of
tra- at Month Paint- Mice Mice With Months Tumor Cancer SMonths! Concen~ Control
Number tion 12 17 ob ing Alive Tumors Cancer Painted TIndex Index Tumor Cancer tration Mean Grade
L u 37T B 1 - - 0 0 25 0.0 0.0 - - - - -
T U 36 26 0 - - 0 4] 2k 0.0 0.0 - - u 100 0
9 10-A 32 19 5 - - ) 0 > 26 0.0 0.0 - - - - -
11 10-4 18 2 © 0 o] 18 (0.0) (0.0) - - S 21.7% 3
5-A 37 33 17 o] 0o > 2k 0.0 0.0 = - - 10-A 37.0% 2
1k 50-A 122 4 0 - 0 [e] 20 (0.0) (0.0) - - - - -
10-A 35 33 17 0 o] > 26 0.0 0.0 - - - - -
16 U 37 25 O - - 0 0. 2k 0.0 ° 0.0 - - U 52.9 1
19 10-A 33 1T O - - 0 o 21 0.0 0.0 - - U 27.0% 2
10-A 70.1 1
25 v 25 1T O 10 29 1 ¢} 22 3.4 0.0 - - u 82.0 0
29 U 33 29 ¢ - - 0 o 2k 0.0 0.0 - - 114 100 0
3 U 32 29 6 - - 0 0 26 0.0 0.0 - - - - -
R . u P23 6 - - 0 0 27 0.0 0.0 - - - - -
42 10-A 25 & o . 18 “ 3 2 1

i

20 66.7 33.3 85 oo : U - = T

orkl 5

8i
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Humber
b 20~A € 2 0 4 27 7 0 19 38.9 0.0 >19 - - -
b6 50-A 37 32 7 . - 0 0 26 0.0 0.0 - - - -
50 c-A 18 6 o a7 6 -3 1 21 75.0 25.0 19.5 oo U -
10-a 100
53 Lij 35 25 2 - - ) 0 25 0.0 0.0 - - - -
54 (SEE TABLE 1V) U b 5»
56 u 3 3 8 - - 0 ) 28 0.0 0.0 - - - -
57  30-A 18 10 0 - - 0 0 21 0.0 0.0 - - U -
. 10-A 100
58 25-MP 35 2% 5 - - 0 0 28 0.0 0.0 - - -4 93.7
59 Lo-pMP 3% 30 1k - - 0 0 > 26 0.0 0.0 - - - -
6C U 36 30 3 - - o o 28 0.0 0.0 - - u 100 .
61 U 26 1k 1 - - 0 0 27 0.0 0.0 - -
u % 26 0 16 32 2 0 23 3.1 0.0 > 24 -
€2 50-A 32 2 0 - - o] (o] 23 0.0 0.0 - - - -
63 U '8 n g - - 0 ) 27 0.0 0.0 - - - -
6k U ? o2 1 - - 0 o 25 0.0 0.0 - - - -
e ! B3ty 4 )03 0% mwgew 2 :
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Tasre III (continued)

Materials Tested on Sebaceous Gland Test Only—Not on Life-Span Cancer Studies

Sebacéous Gland Test

% of
Concen- Control
Number tration Mean  Grade

8 U 100 o
15 U 100 o
17. U 100 0
1 U 100 0
20 u 100 0
21 U 11.9% 3
26 U - T

10-A 1.7% 3
a7 u - T

10-A 63.0 1
28 U 100 (¢}
39 10-C0 100 o]
L3% 5-A 2g.2% 2
51% U k6.6 2

25-A 4.6 1l
52% U 83.1 o
55 U . 99.3 0

Abbreviations: Concentration U = undiluted T = Toxic
A = acetone; e.g. 10-A = 10% solution in acetone
CO = corn oilj e.g. 10-CO = 10% solution in corn oil
DMP = dimethyl phthalate; e.g. 25-IMP = 25% solution

in dimethyl phthalate
% Significantly lower than control mean
x Currently being tested in life-span studies
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Carcinogenicity

Twenty-eight of the epoxides were tested
by lifetine mouse skinpainting for cancer
potential (Table IIT). Two of these proved
to be too toxic in our first tests to determine
their true carcinogenicity. These were styrene
oxide and 2,3-epoxy-2-methylpropyl acrylate
{numbers 11 and 14) originally tested as 106z
and as 50% dilutions in acetone. As only two
and four mice were alive after 17 months of
painting, they were retested at lower con-
centrations.

All of the other 26 tests were successfully
completed. In addition to the two previously
mentioned monocpoxides, nine others have
been studied, seven of which were applied
undiluted. None of these eleven were tumori-
genic to the mouse skin. Seventeen dicpoxides
have been successfully tested; in other words
an adequate number of mice survived until
tumors developed or until at least 17 months
of painting were completed. Five of these
17 resulted in some tumorigenicity, four of
the five had tumor indices above 50¢%. These
four include:

Material Number

butadiene dioxide 42
vinyleyclohexene dioxide
3,4-epoxz-~6»mcrhylcyclohex,\'lmcthyl 3,4-epoxy-G-

methyl cyclohexane carhovylate +
modified bis phenol diglycidyl ether 65

The other diepoxide that resulted in some
tumors, but with tumor index less than 506
was bis-(2,3-epoxy-2-methylpropyl) ether—
material number 44. Material number 61
resulted in only onc papilloma when tested
once; none in a retest.

The diepoxide numbered 54, identified
above, has been tested in five lifetime skin-
painting studies. These are summarized in
Table IV, In all five the tumor indices were
609% or higher for the undiluted material;
with cancer indices of 142 to 67¢5. Two
of the highest tumor and cancer indices were
obtained using the especially  purified D-1
sample (tumor indices of 100 and 819¢ with
cancer indices of 67 and 58¢5). The former
was with C57-lcaden mice; all of the others
with C3H with the exception of those on
study 23 where mice one year of age at first
painting were used. These were of the 1CG3F |
and C31F1 strains. The question to be

321

answered by this study was, if the mice were
older at the start of the study, would they
develop tumors carlier than the younger mice
normally used?

The median latent period (M.LP.) is a
measure of the time when the median tumor-
bearing mouse develops a umor. For the
positive control material, a 0.26z solution of
methy! cholanthrene in acetone, this M.LL.P,
ranged from 3 to 5 months. For the four
diepoxides, for which this could be measured,
other than number 54, the M.L.P. was 18.5,
>19.5 and 23 or >24 months of painting
(Table III). For number 54 in the other
studies on the undiluted material these
M.L.P.s were 152, 15.4, 17.5, 18.3 and 19
months of painting. The two groups of mice,
one year of age at first painting, still required
14.7 or 15.3 months of painting to reach the
M.L.P. Therefore, no marked reduction in
this latent period resulted from using older
mice at first painting.

In study 22, an attempt was made to deter-
mine whether the addition of dodecane, re-
ported by Horton® to be a tumor accelerator,
would shorten the latent period. Instead, a
50:50 mixture of dodecane and the diepoxide
resulted in the longest latent period, namely,
22.4 months. It is notable that 5% acetone
solutions of this diepoxide were nontumori-
genic. This is similar to the concentration
used by Hine, et al.,* for their work with two
epoxides.  Whenever toxicity was sufficiently
low, the epoxides were painted undiluted.
Dilution will abort or delay tumor production
by materials which are carcinogenic when
painted undiluted. This has been reported
previously. #2425 However, if undiluted
materials are to be handled by workmen, the
only proper test of hazard is to apply these

materials experimentally in as concentrated -

4 wanner as is practical. Nine of the 17
dicpoxides were tested undiluted while the
others were tested as 10 to 206¢ solutions in
acctone or in dimethyl phthalate. Some of
these latter had been shown to be toxic when
applied undiluted, either in the scbaceous
gland test or in previous long-term tests in
this laboratory. Wherever possible, the con-
centrations reported in the tables are for
studics where enough mice survived a suffi-

1
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cient length of time to allow a conclusion to
be drawn,

It is apparent that the presence of two
epoxy groups in a molecule is not ahways
productive of tuniors. While nonc of the
eleven monoepoxides so far tested were tu-

‘morigenic, only five of the 17 compounds

with two or more epoxy groups, were tumor-
igenic. As was the case in the possible rela-
tionship of structure and toxicity, only gen-
eral statements can be made of the structure
versus cancer relationship. Perhaps it is

'mecessary for a material to have two epoxy
. rings to be tumorigenic, hut not all of the

dicpoxides are tumorigenic. Included with
the diepoxides is one material containing
more than two cpoxy radicals, This is 1,1,3-
tris [p-(2,3-glycidyloxy) phenyl] propane
(number 62) and, as a 50¢; solution in
acetone, it was not tumorigenic,

Sebaceous Gland Suppression

The scbaceous gland suppression for cer-
tain epoxides is summarized in Table III.
Arbitrarily we have graded the relationship
between the mean number of sebaceous
glands per square centimeter of skin of
epoxide-dosed mice to that of the control
mice. If the material was applied undiluted,
it was compared to a distilied water control
group. If applied in acetone, results with this
solvent were used for the statistical and grad-
ing comparison. The asterisks on the means

in the tables indicate that, on the raw data

count basis, the means of the epoxide-treated
group were statistically different from those
of their controls.

Twelve substances were tested by hoth the
sebaceous gland (S.G.T.) and the lifetime
tests (L.T.T.).” In seven of the nine cases
when the L.T.T. was negative (3.4 in one;
0.0 on the other eight) the S.G.T. grade was
‘0" or ‘1" One of these nine was graded ‘2’
and another graded ‘3, was toxic as a 107
solution in acctone in the L.T.T. Prohably
of morc importance is the relationship in
the three lifctime tests where the epoxide skin
applications resulted in tumor indices of
greater than 509:. Two of the three resulted
in significantly depressed numbers of sebace-
ous glands, i.e., grades of ‘2’ or ‘3 In the

July-August, 1963

S.G.T. the other long-term carcinogen was
toxic undiluted and grade ‘0’ as a 10% solu.
tion in acetone,

There were four instances where statisti.
cally significant sehaceous gland suppression
resulted and where lifetime tests have been
run. Triisobutylenc oxide (number 19) was
positive undiluted and negative as a 10¢;
solution in acctone in the S.G.T., while nega-
tive in the LT.T,, using a 10% solution ir.
acetone.  Styrene oxide (number 11) wag
significant in sebaceous gland suppression
hoth undiluted and at a 10% dilution in
acetone. The latter concentration was toxijc
on long-term application; a 5% solution ir
acctone was not tumorigenic in the L.T.T.
Butadiene dioxide, (number 42}, at 5% and
at 10% concentrations in acctone significantly
suppressed subaceous glands, and, further-
more, a tumor index of 6765 resulted with a
1066 solution in acetone in the L.T.T. Sim.
ilarly, 3,4-epoxy-6-methyl cyclohexylmethyl
3,4-cpoxy-6-methyl cyclohexane carboxylate
(number 54) definitely suppressed scbaceous
glands and has been repeatedly shown to be
a mouse-skin carcinogen. Vinyl cyclohexene
dioxide, (number 50}, a lifetime test car-
cinogen as 109 concentration in acetone, was
toxic undiluted and negative at 109 in ace-
tone in the S.G.T,

Thus, it is apparent, even though the
number of comparisons possible is few, the
schaceous gland test resulted in either toxicity
or suppression whenever the long-term test
was positive. False-positive scbaceous gland
results occurred with triisobutylene oxide and
styrene oxide. If the former had been tested
in the L'T.T. at a high concentration it
might have resulted in tumors. The latter
was so toxic in the L.T.T. that comparisons
are difficult.

Several sebaceous gland tests have been run
unaccompanied by long-term tests. The fol-
lowing is a summary of S.G. grade versus
epoxide type for these, as well as for those
where both tests have been run:

Per Cent of
Sebaccous Gland Grade Total in
‘0" or ‘I’ ‘2’ or*3 Grade ‘2’ or ‘3’
p -
R-c"-% 2 1 33
2-con 9 3 25
o N .
[IEAS I IS T 4 36
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Tanre IV
Carcinogenicity of Materia! Number 54
)‘ Appearance of
First Tumor Maximum Median Latent
Fo. of Mice Alive at To. of ‘Total No. of No. of Period (M.I.D.)
“ Concen- 1 7 24 Months of Mice Mice With Months Tumor Cancer Months
Study Strain tration Year Months Months Painting Alive Tumors Cancers Painted Index Index Tumor Cancer
13 C3H U 20 9 [¢] - 15 15 9 3 21 60.0 30.0 17.5 > 24
16 C5TL U (p-1) 11 1 0 15 3 3 2 18 100.0 66.7 15.h4 16.5
17 C3H u 38 23 V] 10 39 20 S 2k 76.9 3».6 18.3 > 2k
5%-A 38 27 0 - - o] o 24 0.0 0.0 - -
U (D-1) 38 25 0 13 37 29 21 23 80.6 58.3 15.2 19.3
5%-A 38 28 o - - 0 0 2k 0.0 0.0 - -
22 C3H Y 31 17 o] 15 21 1% 7 23 7.8 38.9 19.0 > 2h

50 parts +

5C parts

dodecane 37 23 6 11 37 9 6 25 60.0 Lo.0 224 > 24
23  1C3F1* U 18/21 8 o] 13 18 13 6 20 72.2 33.3 15.3 19.6

C31F* U i2/23 1 o] 3 9 T 1 18 100.0  1b4.3  1k.7 > 17

# Mice one year of age at start.
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Therefore, a few more S.G. tests were in
the more severe grades (‘2° or ‘3’) with the
dicpoxides than with cither of the two clas-
sifications of the monoepoxides. While none
of the monoepoxides have been shown to be
tumorigenic in the long-tenn tests, this S.G.T.

" probably indicates, as did the L.T.T., that
. the dwpomdes are more severe in action.

It is obvious that, in our present state of

_knowledge of the relationship between these

two tests, S.G.T. cannot be used to predict

“the results of the L.T.T. Probably, if the

sebaceous glands are suppressed, one could
assume, until a L.T.T. is completed, that the

material is a potential tumorigen. This will

not always be true; false positives have oc-
curred. Contrariwise, if the S.G.T. is nega-
tive, it is unsafe to predict the results of
L.T.T. In the cases discussed previously, a

negative S.G.T. was usually associated with

_negative L.T.T. But, if this correlation is

not perfect, grave consequences could result.
Thercfore, the $.G.T., in the opmlon of the
authors and based on these data, is merely
a crude screen to indicate potential L.T.T.
turnorigens; not a test to be used to form
definite positive or negative conclusions con-
cerning tumorigeness.

Summary

Carcinogenic and acute toxicity potential
were assayed while more than 60 epoxy com-
pounds were being studied for commercial
utility. Range-finding toxicity data arc pre-
sented for 60, lifetime mouse skin-painting
results are given for 28, and mouse scbaceous
gland suppression results are listed for 26
compounds.

The epoxides studied ranged from ex-
tremely toxic to very low order of acute tox-
icity by peroral and inhalation routes in rats,
and by the skin penetration route in rabbits.
Skin irritation was generally mild, but sev-
cral epoxides proved to bhe sensitizers in
guinea pigs. Relationships discernible be-
tween molecular configuration and toxicity or
irritation were tenuous at best.

None of cleven monoepoxides produced
tumors during lifetime skin painting of mice,
while five of 17 diepoxides were tumaorizenic

(butadiene dioxide, vinvicyclohexene dioxide,

7. Hmz, Crartes M., Tio K. Kopua, Mamnron H.
TRSON, and oun 8, WELLINGION! Toxicoleny of
Ay Resins, AMA Arch. Ind. Herith 17 109 (1958).

su, Hemmear H., and Warna D. Brock: The

. wwology of Uncured Lpoxy Resing and Ammc-curmg
Acents. AMA Arch. Ind. ilezlth 20: 320 (195

g, YWurire, Nossan G., and Lowako H. &unrnw Indus

Hygiene Bulietin, Shell Chemical Corp. (1958,
10. Pavew, Frank A Industrinl Hygiene and Toxicology.
Volume M. Toxicology. Interscience Publithers, New

1. Wurors, A, L., and M. H. C. Witunams: Toxicity of
: mes-lmkmg_ Agents. J. Odl and Calour Chem.

e, 420 69 (1099,
navs, J. K., R. J. Guzsnw, M. K. Duxstae, G. S.
Iocevas, R Lm\, and C. H. Hixg: Effects of Epoxy
[ xmunds on the Blood., Arch. Envir. Health 2: 50

{1

13. }l_rm:v, J. A, R. F. Homir, F. L. Rose, and A. L.
VWarrory: Cylotoxie Acents: H lhscpn‘udn and Related
Coriponnds, Mrir, J. bharmacol. 6 235 (1951

Mo Mctawwon, . J, P. Konw, and H. L. Faix: The
Carcerogenic l‘mcncxv of Certaln Epoxides. Proc. dmer,
Assoc, Cancer KHes. 229 (1937).

15, Wareore, A. L., D. C. Rownemrs, F. L. Rose, . A.
Hixpav, and R. F Howumex: Qytotoxic Agents: JV, the
Carcinogenic Actions of Some Monofuncticaial I Lhw nei-
mine Derivatives, Drit. J. Pharmacol. 9: 306 (19>
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bis- (2,3-epoxy-2-methylpropyl) ether, a
methylcyclohexylmethyl ether, and a modified
bis phenol diglycidyl ether). The latter ad-
duct was turnorigenic while both of its com-
poncents were inactive when tested alone.

The median latent period for tumor pro-
duction was 15 to 23 months, compared to
three to five months for tumors produced by
methyl cholanthrene, used as a positive con-
trol. Attempts, with one of these epoxides,
to reduce the latent period by the use of
dodecane as an accelerator, or by initiating
skin-painting when mice were one year of
age were not successful.

Some  relationship was observed between
the suppression of sebaceous glands after a
two-weck mouse skin-painting test, and tumeor
incidence in lifetime painting, but correlation
was not sufficiently consistent to allow the
brief test to be reliable for the prediction of
carcinogenic potential.

No generalities about the toxic, irritative
and carcinogenic hazards of handling epoxy
compounds are justified by the presently
known facts. Each compound must be indi.
vidually studied to determine toxicity and
carcinogenicity potential.
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6.2 Fatty emubifiers

The Comnuttee found it comement to consider the acetic acid and
fatty acid esters of eheerol. and the corresponding additives with citric
avid. Tactic acid. artaric acid and mised tartaric and acetic acids in place
of acetic acid, as a group of related compounds because of their complete
hydrolvsis during munutactore and ‘or digestion into aceeptable constitucnts
of the diet. Bearing in mind the established principle that no food additive
should be tsed at a higher fevel than that needed to achieve the technological
eflect required. the Cemmittee agreed on an acceptable daily intake for the
w hn!'v group in terms of total fatty acids esters of glycerol, with the following
proviso:any contribution made by liberated lactic or tartaric acid to the
total dictary intake of these two uacids must not exceed their respective
dceeptahle daily intakes. set forth in the cighth and ninth reports of this
Committee. No such limitation need be imposed in the case of citric acid
because of the revised evaluation mentioned in a later section in this report.
A new member. mined acetic and tartaric and fatty acid esters of glycerol,
wis convidered and included in the group evaluation. In the interest of
simplicity the Committee renamed the individual members of this group

as follows ; aeetic for citric, laectic. tartaric, ete.) acid and fatty acid esters .

of gheerol.

Evaluation of diacetvltartaric acid and fatty acid esters of glycerol had
been postponed at the last mecting because of the absence of suitable
specifications. These have now been provided and an acceptable daily
imtake agreed which is. however, independent of that established for the
group of ghveeride esters mentioned above, the reason heing that diacetyl-
tartaric acid is not found naturally in the diet. The evaluation of sulfo-

acetic acid and fawy acids esters of glveerol and their sodium salts was -

postponed hecavse of insuflicient hivlogical data. Mnrcovcr, the hydrolysis
of thgw esters gives rise to components that are not acceptable dic{ary
comtituents. and this necessitates separate evaluation.

The croup of polyahvecrol esters of fatty acids was evaluated on the
basts of evrensive toxicological data provided for a typical member and a
spectlication was prepared. Because of the .\imilnril)" in their biochemical
hebaviour. alf componnd. compiving with the agreed specitication are
conered by the evaduation, but related compounds, not complying with
the speaification. will require individual biochemical studies to exclude

s untoroseen toncolosical effects,

The ye o N . - :
The sucrose esters and sucroglyeerides could not be evaluated because
Finadeguacy of available biochemica! information and lack of proper

[

s
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toxicological data on dimethyl formamide prosent as o contaminant in
these compounds : such data might have enabled the Committee 1o et u
limit for this unavoidable contaminant.

6.3 Natural stabilizers

Furcellaran and its salts could not be evaluated because of faek of
relevant toxicological information but a tentative specification was prepared
and is available. Carrageen and its salts are at present being used as food,
additives and for pharmaccutical purposes. The availuble toxicolozical
data arc, however, inadequate for the establishment of un acceptuble daily
intake. The Committee recommends that suitable information, particulariy
from the use of carrageen in man, should be provided within the next four
years to allow a decision to be taken on permission to continue the use of
this substance.

Notwithstanding the fact that gum arabic, karava, tragacanth, carob
bean gum and oat gum have been employed in and as food over many
years in various countrics, the Committee felt that the available toxico-
logical information on these substances was insuflicient for the establish-
ment of acceptable daily intakes. However, tentative specifications have
been prepared for all these substances except oat gum, and it was considered
desirable that further studies with emphasis on absorption and fate in the
human body should be carried out,

6.4 Steroid emulsifiers

Specifications could be estublished only for cholic and deoxscholic
acids and their salts. These bile acids are physiological substaices and were
found to be mited in their use because of their bitter taste. An acceptable
daily intake was cstablished on the basis that a 5% variation in the daily
output of biie salts is of normal physiological occurrence. so that an intake
of corresponding magnitude would not contribute sizniticantly to the
normal body load.

6.5 Miscellaneous emulsifiers

No evaluation was possible for hydroxylated lecithin on the basis of
the information availuble to the Committee. It was noted that bleached
lecithin was included in the specification and cvaluation given for lecithin
in the scventh report of the Joint FAO;WHO Expert Commitiee on Food
Additives.!

Y FAQ Nutrition Mectings Report Series, 1964, No. 35 Bld Hlth Org. 1echn. Rep.
Ser., 1964, 281.
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26 £00D ADDITIVES
Annex 1
ACCEPTABLE DAILY INTAKES FOR MAN
OF SOME EMULSIFIERS AND STABILIZERS
'
i Ovt;ralll':ﬁally Intiake zr?’nu “
: ' i mylky body-wiight)
: Compounds considered ! S"f;:‘;:,',‘;::,'ff"" R e e s L
|
i : Unconditional | Conditionat
i
; T O UL 1 ]
i Soaum catbeasmethyicedulose [ Tes ‘ Higher levels
Hyuror ypropylmetryiceilulose { Yes 0-30 * {for dietetic or
i Methyiceialose : Yus , - catarie con-
© Met detngiceilcinse : Yes trof purposes
S ATe Coacin and ‘atty acid esters of
g carnl ) Yes
Crre azie and fatty anid estoes of : !
Dotere Yes | 0-100 ¢
¢ aro fatly acid esters of ,
. i Yes | '
1 )
and acetic and fatty snid '
SLErGl Yes ‘
seowm and fatty as d usters *
Yes ; 0-25 25-50
' Cegrors of foity 2008 fes ! 0-12.5 12.5.25
e5tes Gf fary acias | Yes : 0n-20 / * 20-60 /
Crolc and uensger 260 26ios and el |
5= 1§ Yes i 0-1.25

acrentabie Galy rtake zone is termed unconditional and this
v B EILnG wcthout forther expert advice. The second part o
aro renresents iegeis that Can he employed sately hut at which itis
‘ee 0f exngt sUPET. Lion ard advce should be readily available,

ta's! intare of DI<)-lactic acid is 0-100 mg/kg.
Ttae tarecftartarcanid 5 0.6 n';qlm {uncon.
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present in the solution. The sodium
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By C. B. F. Young,
George I, Eick

and William Warmack*

National Southern Products Corp.

ALL OIL is a by-product of

the Kraft industry, In realicy

2zy it is the sap of the pine tree.
Appreciable amou--; of this material
can be recovered ..om the Southern
Kraft mills which use long leaf, short
leaf, slash, and loblolly pine as their
raw material. Fair amounts are recov-
ered in the paper mills located in the
Wisconsin- Minnesota - Michigan area.
Certain of the Canadian plants in the
castern part of the country also pro-
duce limited amounts of tall oil. Since
tall oil is a by-product of the Kraft
industry, the production of this inter-
esting mixture of fatty and rosin acids
depends upon the production of pulp.
The steps involved in the pro-
duction of pulp are as follows: The
logs in the woods are cut in sections of
about five feet in length and from
three to eight inches in diameter. They
are brought to the mill and here de-
barked by being placed inside a large

* Presented before the 35th mid-year meeting
of the Nuational Association of Insecticide &
Disinfectant ‘Manufacturers, at the Iotel Drake,
Chicago, June 13, 1949,

rotating drum. The debarked log is
then fed into a chipper which is a
round unit having at least four blades
which cut the log into chips approxi-
mately two inches square and one-
fourth inch thick. These are fed into
digesters which contain organic and
sodium sulfides, and the temperature
is raised to 150° C. at 150 pounds
pressure from three to four hours. At
the end of this time the lignin or ce-
menting material of the wood and
sap is dissolved and put in a solution.
The cellulose remains behind. The solu-
tion is drained off and washed free
from the cellulose which is then
formed into sheets of pulp,

In order to make the process
economical the free alkali must be re-
covered from the solution. Pentuple
effect evaporators arc used to remove
the water from the solids. As the per-
cent of solids increases, because of the
removal of water from the whale, a
salting-our effect occurs. It will he re-
called that the lignin, sodium salts
and the sap of the pine tree are all
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salts of the sap are sodium resinate,
sodium oleates, sodium linoleates, etc.
These materials, as can be readily seen,
ate ordinary soaps. As pointed out
above, as the salt content of the solu-
tion increases, it being more soluble
than the soap causes the latter to sepa-
rate and float to the top of the solu-
tion. This is very detrimental to the
paper mills as the floating soap gets on
the tubes of the evaporator and pre-
vents heat transfer which in turn pre-
vents evaporation of the water. Thus
the production of the plant is cut
down. Most mills are now taking the
liquid between the second and third
evaporators and allowing this to re.
main in a holding tank for approxi-
mately thirty minutes at which time
the soap, sometimes called black liquor
sulfate soap skimmings or floating soap,
rises to the top of the solution, is
skimmed off and sent to holdin g tanks,

To follow through with the
evaporation, the liquid is returned 1o
the third effect evaporator and con-
tinued through the last one. "Then this
is fed into a furnace where the lignin
and all combustible
burncd off and the remaining warer re.
moved. -Sodium sulfate or salt cake is
added to make up for the loss and the
resulting product is then put back in
the solution and used to dissolve more
wood chips.

materials  are

The black liquor sulfate soap
skimmings recovered between the sec-
ond and third evaporator are allowed
to settle in a holding tank for twenty.
four to forty-eight hours and then any
black liquor which settics is sent back
to the paper manufacturing unit, The
floating soap is put into tank cars and
sent to us. We buy the skimmings

* from ten to twelve plants located from

Texas to Virginia, blend the various
soap stocks, and treat them with min-
eral acids to liberate the free fatty and
rosin acids. By blending the soap
stocks, a uniform product is produced
for the customer during the four sea-
sons of the year.

For many years the pine tree
was considered to contain no fatty
acids. None was found upon “tap-
ping” the trees to obtain turpentine.
However, the tree is not deeply cut for
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wtapping”” and the fatey acids are found
inside the tree. For this reason, the
{ssty acid portion was not discovered
until the composition of the “black
liquors™ was determined.

Generally, tall oil consists of
§0-52 per cent fatty acids, 41-43 per
cent rosin acids, and seven per cent
sterols or higher alcohols. A typical
analysis of the fatty acid portion indi-
cates: 48 per cent linoleic acid, 45 per
cent oleic acid, and seven per cent
pturated acids.(1) Oleic acid is an
unsaturated acid found in animal and
vegetable oils. Linoleic acid occurs
slso in vegetable oils. The rosin acids
resemble abictic acid, which is found
in various percentages in ordinary
rosin. The unsaponifiables contain
abundant quantities of sterols of which
phytosterol is onc of the primary con-
stituents.

Small amounts of highly-col-
ored and highly-odorous materials are
also present in the oil. These materials
have produced serious problems and
sometimes barred the use of tall oil in
many applications. In the last few
years the number of uses for tall oil
has greatly increased, and much re-
search has been carried out to improve
the color and odor of the oil. As 2
result of this work, refined tall oils
ate now available with greatly im-
proved color and odor characteristics.

The Swedes were very active in
first developing rall oil. Most of the re-
fining processes were developed in

~ Europe. Tall oil has been produced in

the Scandinavian countrics since about
1900, but was not produced in the
United States until about 1930 (2).
At thar time it ranked as a fatty acid.
At firsc it was offered as a substitute
for commercial red oil, but as its prop-
ertics became better known, new uses
were found for it.

Tall is Swedish for pine. In
Sweden, where the material was first
developed, tall oil was known as T'ali-
olis which means oil of the pine. The
Germans called it Tallol; but, inas-
tich as we already had a product in
Awiica known as pine oil, it was
g¥en the name “tall oil” upon the
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Tall oil had a very limited mar-
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ket in this country prior to World
War II, There was a reluctance on
the part of potential users to attempt
to adapt crude and refined tall oils
to their formulas. Many of the difh-
culties encountered in trying to use
the oil would not have occurred had
the processor realized that he was at-
tempting to substitute a material,
which varies over wide limits, for
materials with which he was familiar.

Tall Oil in Soap

EFRALL OIL has proved to be a
M- useful raw material to the soap
maker, The high percentage of un-
saturated groups in tall oil and its low
titre have a tendency to increase the
affinity toward mineral oil as well as
aliphatic and aromatic compounds. It
is a well known fact that rosin acids
in soap increase its afhnity roward
mineral oil, besides the sterols or un-
saponifiables. By making use of these
rosin acids in soap, low water solu-
bility results as indicated by a lack of
suds unless water softeners are added,
such as: “Nullapon B,” *'Sequestrenc
A,” tetrasodium pyrophosphate, sili-
cates, or cquivalents. The addition of
these agents will lessen the forces exist-
ing among the various surface particles
of water, or technically, lower the
interfacial or surface tension. Dilute
tall oil soap solutions have abnormally
low surface tension; because of this
fact, tall oil soaps have the remarkable
ability to form a colloidal suspension,
This suspension adsorbs and entangles
the dirt particles and enables them to
be rinsed away. Grease, oil and dye-
stufls are emulsified and washed away
as small droplets surrounded by por-
tions of the soap solutions, which serve
as a protective colloid. For this reason,
tall oil soaps are widely used for. the
degreasing of aeroplanes, automotive
engines, in the cleaning of asphalt tile
and lincleum, as well as in the prepa-
ration of meral stock prior to plating.
Incidentally, in industrial cleaning,
sudsing is not essential.

It can be shown that in a film
on the horizental surface of pure
water, the sodium parts of the mole-
cules, including the carboxyl group
to which the sodium is attached, lic
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in the water while the other ends of
the molecules (hydrocarbon part) are
out of the water. A fat or grease which
is insoluble in pure water is soluble in
the hydrocarbon part of the soap mole-
cule. The soap molecule then acts as
a connecting link, as one part of the
soap dissolves the fat and the other
part dissolves in the water. The glob-
ules of soap molecules in water have
the sodium ends of the molecules point-
ing outward and in contact with the
water, while the hydrocarbon parts of
the molecules are directed inward and
in contact with each other. (For other
information on surface activity refer
to Item 10 of the Reference.)

The cleaning propertics of tall
oil soaps are excellent and they are
used for: cleaning overalls and wiping
rags in industrial laundries; wool
scouring in the textile industry; in
brown bar laundry soaps; in spray
dricd powdered or bead soaps; in scrub,
paste, and liquid hand soaps, as well
as in the cleaning of metal stock, such
as: zinc, aluminum, tin, brass, copper
and steel prior to a plating operation.
Other uses of tall oil soaps include;
emulsifiable disinfectants, coal tar dis-
infectants, amine cmulsions, sulfo-
nated oils, insecticides, plant sprays,
and cattle dips.

Tall oil soaps have good suds-

ing properties in soft water, but this -

property decreases as the hardness of
the water increases, The drap in suds-
ing ability of tall oil soaps is faster
than that of stearate soaps, but this
drop can be overcome by blending
other fats with the oil to make soap.
Upon saponification, for example, of
a mixture of 35-40 per cent of high
titre fats with 65-60 per cent of tall
oil, the soap produced will have suds-
ing properties comparable to high titre
fats, Because of its comparatively low
alkali requirement, tall oil is preferred
in the preparation of soaps using an
expensive alkali, such as triethanol-
amine.(2) :
As the degree of hydrogenatio

increases, the hardness of the soap in-
creases, and the amount of salt re-
quired for salting out decreases. Lather-
ing quality is inversely proportional
to the hardness of the acids; and be-
cause of this property, the use of
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hydrogenated tall oil has some limita-
tions. (3)

The emulsifying and foaming
powers of soaps made from purified
or refined tall oil are always better than
those of soaps precipitated from crude
tall oil. The foaming power of soaps
made from purified tall oil is as high
as that of pure fat soaps; and the
emulsifying power is satisfactory. A
soap which has a higher emulsifying
power than 100 per cent far soaps,
may be prepared from a mixture of
tall oil and hydrogenated fats. Al-
though soaps from crude oil have too
low an emulsifying power, liquid soaps
may be prepared exclusively from re-

fined tall oil. (4)
Tall Oil in Other Soaps

N PREPARING a brown laundry
soap, the full boiled process is
gencrally employed where the soap-
maker intends to recover the glycerine;
in this case, the tall oil should be
saponified separately and added to the
tallow which is then saponified. By do-
ing this, the soap yield will be in-
creased; otherwise, a large percentage
of the fatty acids from the tall oil
are Jost in the “nigre.” A full boiled
soap is run into a crutcher and up to
50 per cent “Facoil CB” (Fatty Acid
Oil)* added. The oil is saponified at
180° F. for about an hour longer than
is ordinarily required in order to break
down the rosin acids in the tall oil
from polymers to monomers. This
eliminates one of the causes for sticki-
ness and a probable source for com-
plaint. Then fillers are added to act as
buffering agents to attain the proper
pH and neutralize any soil acidicy.
After agitation the soap is run into
frames at 149-158° F,

Tall oil may be used with whole
oils, such as: corn, linseed, soya or
vegetable fatey acid foots, in the man-
ufacture of scrub or paste soaps. Al-
though 100 per cent tall oil is being
used successfully by some soapers in
scrub and liquid formulae, we usually
recommend 50 per cent tall oil in con-
junction with any other oil, fatty acid
or mixture thereof. The kettle is
charged with the alkali and water and
then heated to 180° F. About one
per cent of a polyaminacarboxylic acid

A2

Low surface tension of tall oil soap solutions

creates a remarizable ability to form colloidal

suspensions ... making these soaps superior for

degreasing metals, cleaning linoleum, tile, ete.

is added in the liquid form before the
fatty acids are admixed at a rate not
exceeding one gallon a minute. If de-
sired, one-third of the pine oil is placed
in the kettle to act as an emulsifying

agent. If a firmer soap is desired, 10-

15 per cent of the potash can be re-
placed with caustic soda.

A typical formula for a 40
per cent liquid hand soap is as follows:

A.
200 1bs, ...... *Facoil CB
200 lbs. ...... Potash at 33° Baumé
230 lbs. ... ... sova bean oil
B, (30 per cent Potash Soap)
190 Jbs. ...... ~Facoil CB
190 lbs. ... .. Linsced Oil
10 Ibs. ...... Pine Oil
92 lbs. ...... Potash
600 1bs. ...... Hot Water

C. (15 per cent Potash Soap)

5 parts .... *Facoil CB .
10 parts .... Coconut Oil F.A.
9 parts .... 50’ B¢ Potash

1 part ..... Potassium Chloride
75 parts .... Distilled Water

* Facoil, trade mark of National Southern
Products Cerp., New York, refined tall oils.

Mix the oils and potash at 80°
C. In the above illustration, the lin-
seed oil permits smoother boiling. Pine
oil in hand and disinfectant soaps acts
as 2 masking agent; it exerts a solvent
effect thereby aiding in the removal
of grease.

The following formulae are
suggested for scrub soaps:

Parts
A. Tall Oil Potash Soap....... 30
Sodium Carbonate ......... 4
Pine Oil ................... 7
Trisodium Phosphate ...... 4
Water ..................... 55

B. *Facoil CB (Sap. No. 174) ... 20
83¢% Caustic Potash. . ... .... 4

Trisodium Phosphate ...... 4
Pine Oil . ................. 20
Water ... ... . . ....... 52

Tall oil can be used for textile
scouring to replace all or part of the
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red oil content. In this application.
sodium carboxymethyl cellulose tends
to increase the colloidal characteristics
of the fatty acid soaps. Usually, they
are prepared by the semi-boiled process.

parts
A. Palm Kernel Oil or Coconut 60
*Facoil CB .............. .. 40

Lye at 36° Baumé to saponity

One or two pounds of tall ail
are added for each gallon capacity of
the tank to be used to prepare a soap
preferred by many textile mills. When
the scouring operation requires the use
of free alkali or soap builders, such as
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soda ash, they should be used with the -

tall oil soap. The amount of soap
builders or excess alkali should be about
the same as that required for other un-
built soaps. Tall oil soap is readily re-
moved from the scoured textile ma-
terial by rinsing and no residual odor
remains after drying, but it reacts with
the calcium and magnesium salts in
hard water to form insoluble soaps that
cause decoloration and staining of tex-
tile fabrics. Therefore, when tall oil
soap is used, water softening equipment
should be checked frequently to as-
sure that the water used is of zero
hardness.

It is possible to replace the en-
tire soap requirements of most textile
mills with tall oil soap. The best
method for this replacement is to carry
out a trial operation on as large a scale
as possible with replacement with tall
oil in §-10 per cent steps.(5)

Tall Oil In Insecticides

I:\ " ANY companics who manufac-
Vi ture agricultural and insecti-
cide sprays have made wide use of tall
oil as the insecticide sticker. In certain
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types of sprays tall oil is used as an

. adhesive. Generally, it is used “as is”

in these formulations. In some cases,
it might be desirable to saponify a por-
sion of it with caustic soda leaving a
portion of the tall oil in an “as is”
state for the adhesive. Thus, a com-
bined emulsifying and adhesive agent
is produced. Insects and other plant
parasites are combatted with a solution
of tall oil to which may be added to-
bacco extract, nicotine or petroleum
solvents and a suitable stabilizer.

Some of the base materials used
in the field of disinfectants are the
sodium, potassium, ammonium. and
complex salts of tall oil. Disinfectants
are produced by incorporating into
so.xp; solutions cresol and materials
which have a high phenol coeflicient.
Using tall oil soaps as the emulsify-
ing agent, general cleaners having dis-
infectant properties are made from
ur acid oils. A stable or semi-stable
emulsion may be produced by diluting
the stock solution with water.

To prepare a disinfectant, an
emulsion is made of tar acids or tar
acid oils with “liquid sedivm resinate”
(1all oil soap) obtained from sulfate
black liquor. A mixture of about 70-
75 per cent by weight of tar acid oil
(25 per cent tar acids) and 30-25 per
cent by weight of liquid resinate is
heated to about 75° C., then agitated
until the mixture appears to be homo-
gencous. Enough resinate should be
used to give a pH of about cight.

The preceding formula and the
two that follow were prepared by
Hyde. (6)

Formula Neo. I

% by
weight
Tar acid oil (25% tar acids) . ... 68
Liguid resinate ........... .. .. 30
Castor oil soap . ............. ... 2
Formula No. II :
% by
weight
Insecticide oi} ... ... .. .. ... . 56.0
High boiling tar acids ... .. . 4.0
Water gas tar distillate. . ... . . 8.0
Liquid resinate .......... .. 30.0
Castor oil soap. ... ... RN 2.0

The addition of water to the
two formulas produces a stable emul.
sion type disinfecrant.

The metallic soaps of tall oil
are used for fungicidal applications.
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They are easily decomposed by the
acids liberated during fungus growth
processes and liberate metal ions. An-
other property that contributes to their
applications as fungicides is their water
insolubiiity, The two most frequently
used are the copper and zinc soaps, and
the copper has been found to be about
five times as effective as the zinc soap.
The soaps mdy be used to treat cloth,
rope, concrete, and wood. The copper
soap has been used to mildewproof
cloth. Specification T-1452, Amend-
ment No. 6 of the Corps of Engincers
of the U. S. Army “Processing Sand-
bag Fabrics for Mildewproofing” per-
mits tall oil to be used for extending
the naphthenic acids used in mildew-
proofing compounds. (5)

Although most of the water-
insoluble soaps find use in the paint
and varnish fields as driers, the copper
soaps have fungicidal properties. They
are soluble in petroleum thinners and
are therefore especially suitable for use
in paints for coating ship bottoms.

To prepare the copper soap, the
tall oil is boiled with aqucous caustic
soda or potash to form the soap solu-
tion. The soap solution is then diluted
to about 20 per cent solids, the tem-
perature maintained at about 200°F,
and the required amount of metal add-
ed. The metal soap is formed by dou-
ble decomposition and precipitates to
the bottom of the vessel where it is
scparated, wifshed with boiling water
and heated 1o 350°F. to remove water.
Copper soap has also been prepared by
fusing the oxide or hydroxide of the
metal dircetly with the oil. (7)

Liquid degreasing agents to be
used for degreasing aeroplanes, auto-
mobile engincs, oil tankers, the sur-
faces of metals that become greasy
during manufacturing operations, or
metal parts prior to the electro-plating
operation, have been formulated- using
wall oil.

Saponification with caustic pot-
ash gives a jel-like soap and as much
as 50 per cent of the potash may be
replaced with sodium hydroxide. A
suthcient amount of alkali should be
added to completely saponify all the
oil and to have abour three per cent
free alkali iy the finished product. To
prevent soap particles from seriling
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out, about 15-30 per cent of cresylic
acid may be added.(8)

Formula A
To remove slushing and shearing
compounds and rust preventatives:

%
Facate®* .. .. ... .. . .. ... 5
Sodium Orthosilicate . ... .. ... 95

This material acts as a lifter in
removing dirt, and is more efficacious
than mineral salts or rosin compaunds.

Formula B %
Facate* ... ... ... .......... .8
Sodium Orthosilicate . ... .. ... B0
Tri Sodium Phosphate. ... ..., 45

Any alkali may be used as an
alternate in the above formulations,
such as ortho, meta, or sesqui silicate.

Formula C
For cleaning Aluminum, Brass,
Tin, etc.
Facate* ... ......... 1 part by weight
Naphtha or mineral
spirits . ........... 2 parts by weight

Add above to 10—80 per cent waler

Formula D
Automotive engines (will not at-
tack heavy metal):

%
Facate* ...... ... ... ......... 15
Sodium Metasilicate ........... 80

SodaAsh ... ........ ... ....... 5
Used at 4-6 oz./gallon and 189~
212° F. Rinse.

* Facate is a trade name product of National
Seuthern Products Corp. made fram “Faeoil
C5"” or CB by saponifying with caustic soda or
other alkali,

Liquid Tall Oil Soap .
N some cases, when liquid tall oil
soaps were prepared, manufacturs
ers witnessed a cloudy or hazy appear-
ance after prolonged standing. In or-
der to extend the shelf life by making
these products eye-appealing, our com-
pany has investigated this problem
with a view to finding the direct cause
of this situation. We soon discovered
many variables. The sterols (higher
alcohols, as phytosterol) or as they are
commonly called, unsaponifiables, had
a tendency to cause a flocculent pre-
cipitate; but, these were easily elimin-
ated by refrigerating and filtering. An-
other variable appeared to be iron
picked up while the tank car was in
transit from the refinery to the cus-
tomer’s soap plant. This was detected
as a reddish-brown ring around the lip
of the bottle. By adding a very small
percentage of a reducing agent, as so-
dium hydrosulfite, the ferric hydroxide
was casily reduced to ferrous hydrox-
ide.
(Turn o Page 147)
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Tall Oil

(From Page 43)

Potash relatively free of chlotr-
- ide was tried in thc preparation of
liquid soaps, and even when .ncccssary
precautions were taken, a slight h‘azc
was visible after prolonged standing.

Various chemicals were then tried, for
reial sodium silicate,

example: a comme
tetrasodium pyrophosphate, tetrapotas-
sium pyrophosphate, trisodium  phos-
an cxcess of sodium hexameta-

phaw, : ‘
phosphate to dissolve the insoluble cal-
December, 1949
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cium salts which might occur from the

glass itself or from the hardness of the -

water used.

Scquestering agents opened up
a new avenue of possibilities to the
soaper as 2 means to check metal trace
effects, as well as a surface modifier. In
fact, they showed certain distinct ad-
vantages over the inorganic polyphos-
phates because they are highly compat-
ible with organic groups at various
concentrations, and they are remark-
ably stable in a water solution at vari-
ous temperatures over the hydroxyl ion
concentration range.

These sequestrene products are
polyaminocarboxylic acids and manu-
factured under various trade names, as:
“Nullapon B,” “Kalox,” “Sequestrenc
A,” and equivalents. Usually, a maxi-
mum of one per cent is all that is
nceded to climinate any cloudiness
which might occur in the prepared
liquid soap.

Kranich’s (9) full and interest-
ing report states:

The glass containers themselves
contributed definitely to the breakdown
in clarity of the products. This is ex-
plained by saying that once the sodium
silicate derived from the glass hydro-
lyzes to silicic acid, it is precipitated as
a flocculating  gelatinous meta-silicic
acid (ortho silicic acid is solubley, the
dissolulion of this precipitate being
prevented perhaps by the adsorption
on its surface of a film of calcium stear-
ate soap. Moreover, the caleium salts of
the lower fatty acid homologues, de-
cidedly morc soluble, are readily dis-
persed.

In conclusion, tall oil is the
cheapest source of fatty acids in the
world. Because of this, it has proven
to be a very useful raw material wo the
soapmaker. Physically, it is different
today than the oil marketed at the be-
ginning of the war. Through a widc
rescarch  and  development program
since the war’s end, rchned tall oils are
now non-crystallizing, light in color,
less odoriferous, and uriform in con-
sistency from tank car to tank car.
Present research calls for the elimina-
tion of all of the sulfur compounds,
and removal of the color bodies to
make it more stable and artractive
to the insecticide and disinfectant
industry,

It takes a higher temperature
and longer time to completely saponify
the rosin acids in talf oil afrer the farty
acids have been saponified. This pre-
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caution climinates stickinc.;s, a fre-
quent complaint we encounter when-
ever tall oil soap products are prepared
for the first time.
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BULLETIN T-114

PALE ROSIN
(Gum, Wood, and Tall Oil)

SUMMARY OF TOXICOLOGICAL INVESTIGATIONS

Chemical Composition

"Rosin'' is the common name applied to a complex mixture of mu-
tually soluble organic compounds found in various species of the pine tree.

Commercial rosins are obtained from three important sources:
1. Gum obtained by tapping living pine trees (gum rosin),

2. Crude resin extracted by solvent from aged pine stump
wood (wood rosin).

3. Waste liquors recovered from wood-pulping operations
. (tall oil rosin). .

The gum, wood, and tall oil rosins produced from these sources
contain acidic and neutral fractions, the proportions of which vary with
the source and degree of refining. Refining reduces the color of rosin
from a dark brown to very pale yellows, with the intensity of residual
color dependent on grade.

The composition of pale rosins varies, depending on the source.
Pale gum and wood rosins are composed of approximately 90 percent resin
acids and 10 percent neutral materials. Pale tall oil rosin may contain
from 2 to 10 percent fatty acids (mainly C)g), 5 to 10 percent neutral
materials, and up to 90 percent resin acids.

The resinacid fractioninall three types is approximately the same,
- consisting of nine basic diterpenoid monocarboxylic derivatives of alkylated
hydrophenanthrenes. These are generally divided into two groups: the

mers toosemmoiize sults of Gur cwn tescarch ond the research of mbars o5 of the dote of-issue.
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abietic type and the pimaric type. They occur in a ratio of about 3 abietic
to 1 pimaric. The structure of a typical resin acid of each group is shown
below,

CH = CH,

.
\
‘ \ COOH COOH
Abietic Acid Pimaric Acid

The neutral fractions of all three types of rosinare similar. About
half consists of esters of resin acids, and the remainder a mixture of ste-
rols, resenes, terpene alcohols, terpenes, and other hydrocarbons.

Physical Properties

Pale rosins are clear resinous solids that range in color from dark
amber to very pale yellow. They are available commercially in several
color grades. Their softening points* range from 80 to 90°C, and their
acid numbers from 150 to 170, depending on their source and neutral frac-
tion content.

Rosin is essentially insoluble in water, but soluble in organic sol-
vents, and in fats and oils. Pale unmodified rosins will absorb oxygen on
exposure to air, the rate depending on temperature and on whether the
rosin is crushed or solid.

The samples used for the toxicological investigations reported be-
low were composite blends of a representative cross section of pale rosin
samples from various production facilities and locations in the United
States.

Acute Toxicity

Pale gum, wood, and tall oil rosin, administered as a 30 percent
solution in corn oil, gave the following L.Dsg values for rats, mice, and
guinea pigs. '

*Hercﬁles drop method
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LDsg (mg. /kg. )

rats mice guinea pigs
pale gum rosin 7600 4600 4100
pale wood rosin 8400 4100 4100
pale tall oil rosin 7600 4600 4600

Subacute Oral Toxicity

Pale gum, wood, and tall oil rosins have been fed to young albino
rats for 90 days at dietary levels of 5, 1, 0.2, 0,05, and 0.01 percent,
Each was incorporated into ground laboratory diets as 30 percent corn oil
solutions. Observations during the course of feeding included: general
appearance, growth, food intake, hematology, urinalysis. After 90 days,
surviving animals were sacrificed, and pathologic studies conducted. Au-
topsies were performed and organ weights obtained for liver, kidney,
spleen, gonad, heart, and brain. Microscopic examination included: brain,
liver, spleen, stomach, small intestine, colon, pancreas, kidneys, urinary
bladder, adrenals, gonads, thyroid, parathyroid, lymph nodes, heart,
lungs, bone marrow, muscle, prostate, and uterus,

At the 5 percent dietary level, marked food refusal occurred with
all three types of rosin and the rats lost weight rapidly during the first
few days. All rats died within two weeks.,

At the ] percent dietary level, weight gain was depressed during
the first two weeks of the study, along with food consumption. After two
weeks, food consumption and weight gain were comparable to controls. No
mortality occurred, and urinalysis and hematology were normal throughout
the 90 days. At autopsy, the animals showed a higher liver weight than
control animals, Other organ weights were comparable to controls. His-
tologic examination revealed no significant alterations in any organs, in-
cluding the liver.

At the 0.2, 0,05, and 0.0] percent dietary levels, no significant
differences from control animals were detected with any of the three pale
rosins.

Chronic Oral Toxicity

Pale gum, wood, and tall oil rosins have been fed for two years to
young albino rats and young beagle dogs at dietary levels of 1 and 0. 05 per-
cent. In addition, pale wood and tall oil rosin have been fed for the same
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period to rats at a dietary level of 0.2 percent. All three types of rosin
were added to the diet as 30 percent solutions in corn oil., All diets, in-
cluding controls, were adjusted tothe same level of corn oil. Observations
during the two years included gross symptoms, mortality, food intake,
body weight, hematology, urinalysis, liver and kidney function tests, and
tumor incidence. Autopsies after two years of feeding included individual
organ weights for livers, kidneys, spleens, gonads, brain, hearts, thy-
roids, and adrenals., Histologic studies included all of the tissues des-
cribed above in the subacute study for rats and dogs. In addition, the
aorta, gall bladder, peripheral nerves, and spinal cords of the dogs were
examined,

At the | percent dietary level, food consumption of rats was approx-
imately 10 percent below control level with all three types of pale rosin.
As a result, the growth rate was slightly depressed. No significant differ-
ences in food consumption and growth rate were observed with the dogs.
Hematology, urinalysis, and liver and kidney function tests were all within
normal limits throughout the study. Analysis of organweight data revealed
enlargement of the liver in both species of animals with all three pale
rosins., The liver enlargement was less pronounced than that observed
after 90 days of feeding. All other organ weights were comparable to con-
trols. There were no histologic findings in any of the organs and tissues,
including the liver, of the rats or dogs which could be attributed to the in-
gestion of any of the pale rosins. Tumor incidence with all three rosins
was equal to, or less than, the incidence in the control animals.

Atthe 0.2 and 0.05 percentdietary levels, no significant differences
from controlanimals were detected withany of the three pale rosins, either
in rats or in dogs.

FDA Status

For uses where it may come in contact with food, Pale Rosin has
FDA clearance as specified in Section 121, 2592 of the Code of Federal
Regulations (Federal Register, 12/23/64 p. 18216), and in 14 other FDA
regulations, Consult 2 Hercules representative for reference to regula-
tions specific to finished forms of substances or articles that come in
contact with food.
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